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INAUGURAL    ADDRESS. 

By  RICHARD   St.  GEORGK  MdORE,  President. 

Gentlemen, — In  selecting  the  subject  of  my  address  for  this 
evening,  I  have  availed  myself  to  the  utmost  of  the  unwritten 
law  relating  to  this  selection,  referred  to  by  Mr.  Perry  P.  Xursey 
in  his  Presidential  Address  read  before  you  so  long  ago  as 
1886,  and  have  adopted  for  my  subject  one  which  relates  more 
dii'ectly  to  the  practice  than  to  the  science  of  engineering.  I 
have  designated  it,  for  want  of  a  better  title,  "  Some  Considera- 
tions of  the  Status  of  Professional  or  Consultant  Engineers,  and 
how  to  improve  it." 

In  taking  the  subject  of  professional  engineering  in  contra- 
distinction to  either  manufacturing  or  commercial  engineering, 
which  certainly  are  of  equal  importance,  both  scientifically  and 
otherwise,  I  have  followed  another  of  the  laws  of  the  Society, 
which  is  that  Presidents  in  tlieii"  addresses  shall  deal  with  subjects 
with  which  they  have  been  connected.  With  the  exception  of 
one  year  during  my  pupilage,  my  whole  Kfe  as  an  engineer  has 
been  passed  in  the  professional  branch,  therefore  I  have  selected 
it  for  consideration.  With  such  a  subject  I  cannot  hope  to  do 
more  than  touch  on  the  fringe,  but  trust  that  my  effort  will 
induce  other  abler  brains  and  more  influential  people  to  take  it 
up  and  give  it  the  attention  it  deserves. 

All  engineers,  and  I  say  intentionally  "  engineers,"  instead 
of  ci\aL  engineers,  because  there  is  a  tendency  even  among 
engineers  to  understand  by  civil  engineers  only  men  working  as 
professional  engineers  on  structural  works,  whereas  it  was 
originally  adopted  to  mean  all  engineers,  structural  or  me- 
chanical, other  than  military  engineers.  In  the  discussion  held 
last  June  on  the  modification  of  the  constitution  of  the  American 
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Society  of  Engineers,  published  in  vol.  xxxii.,  No.  6,  of  August 
1906,  Mr.  J.  C.  Trautwine,  a  member  of  the  committee,  says : 
"  If  I  understand  rightly,  the  term  civil  engineer  was  invented 
for  the  purpose  of  designating  those  few  and  inconspicuous 
individuals  who  at  that  time,  had  the  hardihood  to  apply  the 
science  and  art  of  engineering  to  useful  purposes,  in  order  to 
distinguish  them  from  '  the  engineers  '  who  devoted  themselves 
solely  to  destructive  purposes."  The  charter  of  the  Institution 
of  Civil  Engineers  says  :  "  That  species  of  knowledge  which 
constitutes  the  profession  of  a  civil  engineer  being  the  means  of 
production  and  of  traffic  in  states  both  for  external  and  internal 
trade,  as  applied  in  the  construction  of  roads,  bridges,  aqueducts, 
canals,  river  navigation,  and  docks,  of  ports,  harbours,  moles, 
breakwaters,  and  lighthouses,  etc.,  and  the  art  of  navigation  by 
artificial  power,  construction  and  adaptation  of  machinery,  etc." 
Taking  Nuttall's  definition  of  a  civil  engineer  as  the  popular 
one,  he  says :  "  One  employed  in  delineating  plans  and  super- 
intending the.  construction  of  public  works."  Therefore  I  say 
"  engineers  "  in  order  to  appeal  without  any  misunderstanding  to 
all  those  who  are  engaged  in  the  pursuit  of  scientific  engineering. 
All  engineers  should  join  together  to  raise  the  status  of  engineer- 
ing science  in  the  minds  of  the  public  who  benefit  by  it,  and  for 
ever  make  it  impossible  for  such  sentences  as  appeared  in  the 
'Daily  Mail'  of  Nov.  13,  1906,  quoting  from  'Engineering,' 
to  appear  in  a  daily  paper.  "  It  must  be  confessed,"  says 
'Engineering/  "  that  with  some  engineers  things  have  occasion- 
ally not  been  thought  unworthy  or  improper,  which  although 
not  in  themselves  dishonest,  would  be  impossible  among  lawyers 
or  doctors,  and  which  would  be  impossible  among  engineers, 
if  their  organisation  were  as  complete,  and  their  etiquette  as 
strict,  as  in  the  older  professions." 

In  this  address  I  do  not  propose  to  touch  on  such  subjects 
as  the  all-absorbing  one  of  the  education  and  technical  training 
of  the  engineer.  Mr.  Maurice  Wilson,  our  President  last  year, 
who  has  had  such  a  large  experience  on  this  question,  dealt  with 
it  in  his  address.  The  researches  and  publications  on  the 
subject  are  numerous.  I  start,  therefore,  with  the  assumption 
(which,  after  Sir  WiUiam  White's  article  in  'The  19th  Century 
and  Afterwards,'  is  not  a  presumptuous  one)  that  it  is  generally 
understood  what  is  necessary  for  a  good  technical  education  and 
training.  My  subject  is  one  which  can  only  be  illustrated  by 
details,  but  before  attempting  to  select  any  detail  for  illustration 
I  propose  describing  the  position  of  the  professional  or  consultant 
engineer  in  England,  Germany,  France,  and  America,  as  accurately 
as  is  possible  in  the  length  of  time  at  my  disposal,  and  tracing  the 
lines  on  which  development  has  taken  place  in  these  countries. 
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I  propose  taking  them  in  the  order  of  the  date  of  the  founding  of 
the  senior  or  parent  Engineering  Institution  of  each  country. 
The  Institution  of  Civil  Engineers  was  founded  in  1818  and  its 
first  charter  was  granted  by  George  IV.  in  1828.  In  Germany 
in  1846,  there  was  founded  a  small  society  of  engineers  wliich 
was  called  the  ''Hiitte,"  and  in  1856  due  to  the  activity  of  two 
members  of  the  '*  Hutte,"  The  Verein  deutscher  Ingenieure  was 
founded.  In  France,  The  Societe  des  Ingenieurs  Civils,  was 
founded  in  1848  and  recognised  by  public  decree  in  1860.  The 
American  Society  of  Civil  Engineers  was  founded  in  1867.  At 
the  present  date  admission  to  the  Institution  of  Civil  Engineers 
is  by  examination,  combined  with  a  review  of  the  candidate's  past 
work,  and  election.  In  the  Societe  des  Ingenieurs  Civils  de 
France,  there  are  Membres  d'Honneur,  and  Membres  Societaires, 
divided  into  two  classes  Titulaires  and  Assistants.  To  be 
elected  as  a  Membre  Societaire  Titulaire  it  is  necessary  to  have 
had  five  years'  practical  experience.  If  the  candidate  has  had 
less  experience  than  this  he  is  elected  a  Membre  Societaire 
Assistant  until  he  has  completed  his  five  years  of  experience. 
In  the  Society  of  American  Engineers,  as  Member,  a  candidate 
must  be  not  less  than  thirty  years  of  age  and  have  been  not 
less  than  ten  years  in  active  practice,  graduation  at  a  recognised 
School  of  Engineering  to  count  for  two  years.  As  Associate 
Member  not  less  than  six  years'  active  practice  and  two  years' 
reduction  for  graduation  are  the  conditions. 

I  am  using  the  term  "  consultant "  as  applied  to  any  engineer 
who  is  consulted  professionally,  be  it  by  a  company  or  corporation 
who  pay  him  a  salary,  by  a  company  or  corporation  who  retain 
his  services  for  a  special  work,  or  by  another  engineer,  but  not 
an  engineer  who  contracts  for  the  construction  of  works.  In 
England,  where  engineering  will,  in  another  twelve  years,  have 
existed  as  a  profession  for  100  years,  the  development  has 
followed  on  free  and  independent  lines,  it  is  the  liome  of  the 
consultant  in  private  practice.  Apart  from  the  Indian  Official 
Engineers  and  the  Eoyal  Engineers,  who  do  not  come  within 
the  scope  of  my  subject,  there  are  a  comparatively  few  engineers 
in  the  service  of  the  Government.  The  most  important  of  these 
being  the  Inspecting  Engineers  of  the  Local  Government  Board, 
whose  duties,  as  their  title  implies,  are  inspecting,  not  construct- 
ing engineers,  nearly  all  large  Government  works  l)eing  entrusted 
to  one  or  other  of  the  better  known  firms  of  private  consultant 
engineers.  Some  municipalities  have  salaried  consulting  en- 
gineers, and  also  the  large  railway  companies  ;  but  both  of  these 
frequently  employ  engineers  in  private  practice.  There  is  no 
prescribed  training  or  qualifications  for  any  Government  or 
municipal   appointment.      No  universally   accepted    basis    for 
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remuneration,  although  for  constructional  work  a  percentage 
basis  is  largely  adopted  ;  and  for  consultative  work,  a  fee  for  the 
report,  or  a  fee  for  each  professional  day  of  six  hours. 

From  the  courteous  reply  of  the  Secretary  of  the  "  Verein 
deutscher  Ingenieure  "  (Union  of  German  Engineers),  I  under- 
stand that  in  Germany  they  have  a  Ministerium  der  offentlichen 
Arbeiten  (Ministry  of  Public  Works),  which  controls,  as  its 
name  implies,  the  expenditure  of  public  money  on  works.  To 
this  is  attached  a  complete  corps  of  civil  engineers,  to  enter 
which  it  is  necessary  to  hold  an  Engineering  Diploma  from 
one  of  the  Prussian  technical  schools,  and  further,  to  pass  a 
Government  examination.  In  this  corps  there  are  nearly  1000 
engineers.  The  result,  as  is  natural  from  there  being  such  an 
extensive  organisation  for  carrying  out  public  works — although  I 
am  informed  that  there  are  a  large  number  of  civil  engineers  in 
private  practice — must  be  that  there  are  comparatively  few  com- 
pared with  England.  There  are  no  qualifications  necessary  to 
practise  as  a  consultant,  and  generally  speaking,  they  are  in  the 
same  position  as  they  are  in  this  country. 

While  engaged  professionally  in  France,  I  was  brought  into 
contact  with  several  members  of  the  engineering  profession 
there.  These  engineers  formed  a  committee,  appointed  by  the 
Prefect  of  Police  to  investigate  the  work  on  which  I  was  en- 
gaged in  the  interests  of  the  public  safety.  None  of  these  engineers 
were  in  private  consulting  practice,  as  might  be  the  case  here, 
but  were  all  Government  officials,  one  being  a  Chief  Engineer  of 
the  Ponts  et  Chaussees,  and  one  a  Professor  of  the  Ecole  Centrale. 
At  a  later  date  I  was  again  retained  to  do  work  in  Paris,  and  I 
then  inquired  why  they  did  not  employ  a  French  engineer ; 
the  explanation  was  that  there  were  comparatively  few  civil 
engineers  in  private  practice  in  Paris,  that  nearly  all  held 
Government  positions.  In  reply  to  a  letter  I  wrote  to  M.  Dax, 
the  Secretary  of  the  Society  of  Civil  Engineers,  he  kindly  sent 
the  Memoires  of  that  society  for  November  1887,  in  which,  in 
rej)ly  to  the  Austrian  Society  of  Civil  Engineers,  they  had  given 
a  very  full  detailed  account  of  how  public  works  were  designed 
and  supervised  in  France,  and  which  gives  a  very  clear  idea  of 
the  position  of  the  civil  engineer  there.  In  France  the  Ministry 
of  Public  Works  controls  the  national  roads,  state  railways,  the 
laying  out  of  private  railways,  the  whole  of  the  ports,  docks, 
harbours,  and  canals — not  the  whole  of  the  Government  docks, 
harbours,  canals,  etc.,  but  whole  in  the  broadest  sense  of  the 
word — all  the  water  and  water-power  in  the  country,  whether 
used  for  driving  mills  or  other  works,  and  for  irrigation,  besides 
a  number  of  other  matters.  The  Minister,  who  is  not  a  technical 
man,  is  assisted  in  all  these  works  by  a  Government  engineering 
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staff,  who  are  techuically  trained  on  definite  lines,  and  not  only 
are  these  engineers  employed  directly  under  the  Ministry  of 
Public  Works,  but  when  certain  works  of  importance  are  carried 
out,  certain  of  these  engineers  are  seconded  to  assist  the  people 
engaged  on  such  works.  This  practically  covers  the  whole  of 
the  engineering  work  done  here  by  the  consultant  in  private 
practice,  and  at  once  explains  why  so  few  exist  in  France. 
There  are  a  number  of  trained  engineers  attached  to  the  private 
railways,  large  workshops,  and  contracting  firms.  In  France 
there  is  no  legal  tariff  or  custom  for  the  remuneration  of  con- 
sulting engineers,  and  as  far  as  I  can  ascertain,  no  acknowledged 
standard  of  training  for  a  consultant  in  private  practice. 

Mr.  Hunt,  the  Secretary  of  the  American  Society  of  Civil 
Engineers,  has  been  kind  enough  to  give  me  some  information 
as  to  the  position  of  the  civil  engineer  in  America.  There  the 
condition  materially  differs  from  both  the  condition  obtaining  in 
England,  France,  or  Germany.  The  greater  portion  of  the 
engineers  practising  are  salaried  men,  probably  employed  by 
firms  of  contractors  who  contract  both  for  the  engineering  and 
the  construction.  There  is  no  legal  qualification  required  either 
for  private  practice  or  to  advise  a  town  council,  but  Mr.  Hunt 
sums  up  the  position  in  very  few  words  by  saying  if  he  is  not  a 
good  man  he  will  not  last  long,  but  even  in  a  short  time  one  or 
two  towns  may  be  pledged  right  up  to  their  borrowing  powers 
for  works  which  are  failures,  and  there  is  no  recognised  scale  of 
remuneration.  There  is  no  doubt  that  in  America  there  is  a 
tendency  to  combine  consulting  work  with  contracting,  of  which 
Sir  Alexander  Kennedy,  in  his  address  to  the  Institution  of 
Civil  Engineers,  says,  "  But  now  and  then  an  attempt  is  made 
by  honourable  men,  and  in  all  honesty,  to  be  contractors  and 
consultants  at  the  same  time  ;  every  such  attempt,  so  far  as  I 
know,  has  ended  in  failure,  and  I  am  sure  that  the  combination 
is  to  be  deprecated."  'Engineering'  of  November  9,  1906, 
commenting  on  Sir  Alexander  Kennedy's  address,  said,  "  It  is, 
however,  intererting  to  note  that  the  plan  objected  to  is  appar- 
ently losing  favour  in  America  where  the  number  of  consultants 
in  active  and  profitable  practice  is  steadily  increasing." 

Before  proceeding  to  the  consideration  of  specific  })oints 
where  the  status  of  engineers  could  be  improved,  I  think  it 
would  be  as  well  to  glance  at  the  constitution  and  action  of  the 
other  learned  or  scientific  professions.  From  the  intnxhiction 
to  tlie  Handbook  of  the  Incorporated  Law  Society  I  gather  the 
following  facts :  The  Incorporated  Law  Society  was  preceded 
by  the  Inn  of  Court  and  the  Society  of  Gentlemen  Practisers 
founded  in  1739.  The  Incorporated  Law  Society  was  founded 
in  1825  and  got  its  first  Charter  in  1831.     When  it  was  founded, 
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the  only  qualifications  necessary  to  enable  one  to  practise  as  a 
solicitor  was  to  have  been  articled  for  a  certain  period  without 
any  test  as  to  the  knowledge  gained  during  such  articles.  In 
1833,  the  Society  made  its  first  effort  to  alter  this  by  commencing 
a  series  of  educational  lectures,  and  in  1836  obtained  a  rule  of 
Court  making  an  examination  necessary  before  admission  as 
attorney  and  solicitor;  in  1843,  it  obtained  the  Solicitors  Act ;  in 
1846,  obtained  the  appointment  of  a  Select  Committee  of  the 
House  of  Commons  to  inquire  into  the  state  of  legal  education. 
By  an  Act  in  1877  it  was  granted  the  full  and  independent 
control  over  solicitors'  examinations.  By  the  Act  of  1888  the 
Discipliue  Committee  is  selected  by  the  Master  of  the  Ptolls 
from  its  members  of  Council. 

The  work  done  by  discipline  committees  would  be  impossible 
to  go  into  in  detail,  but  to  show  what  it  is  intended  to  do  I 
must  again  quote  from  the  Handbook  (page  24) :  "  But  to  sum 
up  in  general  terms  a  few  of  the  leading  subjects  which  have 
engaged  the  Society's  attention,  it  may  be  said  that  when  rules 
or  regulations  have  come  into  force  by  which  unnecessary 
obstruction  or  oppression  has  been  laid  upon  them  in  carrying 
on  the  work  of  their  profession ;  when  the  conduct  of  business 
has  been  impeded  by  delays  capable  of  remedial  measures  ; 
when  claims  unjust  to  solicitors  have  been  asserted  on  behalf  of 
the  Bar ;  when  a  chance  has  presented  itself  of  improving  the 
ill-adapted  system  of  solicitors'  remuneration  or  of  testing  some 
unreasonable  taxation;  when  advice  has  been  needed  by  any 
member  upon  a  point  of  etiquette  or  ^practice ;  uuder  all  these 
and  many  other  circumstances  the  Council  have  laboured  for 
the  benefit  of  the  general  body." 

In  1897,  the  House  of  Commons  passed  a  resolution  to  defray 
out  of  the  public  funds  a  portion  of  the  costs  of  the  discipline 
committee,  and  each  year  a  sum  is  included  in  the  Civil  Service 
estimates  for  this  purpose.  This  appears  to  me  to  justify  the 
statement  made  on  page  23  of  the  Handbook,  namely  :  "  Every 
available  opportunity  has  been  taken  of  obtaining  the  introduc- 
tion into  current  legislation  of  provisions  furthering  the  just 
advancement  and  protecting  the  interests  of  solicitors  as  a  class. 
The  pages  of  the  Statute  Book  bear  witness  to  the  fruit  of  these 
exertions." 

By  the  courtesy  of  Mr.  H.  E.  Allen,  the  London  Eegistrar  of 
the  General  Council  of  Medical  Education  and  Eegistration,  I 
obtained  a  copy  of  a  series  of  resolutions  passed  by  the  General 
Council  as  the  result  of  experience  gained  after  having  complaints 
brought  against  practitioners  for  misconduct.  The  first  is,  "  As 
to  the  employment  of  unqualified  persons  as  assistants  or  other- 
wise."    This  resolution  points  out  that  for  a  qualified  man  to 


IXAUGUEAL   ADDRESS    OF   THE   PRESIDENT.  7 

in  any  way  assist  an  unqualified  man  to  practise  and  obtain  the 
confidence  of  the  public  is  "  infamous  conduct  in  a  professional 
respect."  The  second  is  "As  to  association  with  unregistered 
dentists."  The  third,  passed  in  1899,  is,  "  That  the  Council 
strongly  disapproves  of  medical  practitioners  associating  them- 
selves with  medical  aid  associations  which  systematically 
practise  canvassing  and  advertising  for  the  purpose  of  procuring 
patients."  The  fourth  deals  with  the  sale  of  poisons.  Tlie 
fifth  deals  with  advertisincr  and  canvassin^j.  This,  the  Council 
also  state,  constitutes  in  their  opinion  "  infamous  conduct  in  a 
professional  respect,"  and  renders  them  liable  to  be  struck  off 
the  register.  Mr.  Allen  also  informs  me  that  the  conduct  of  a 
medical  man  is  also  governed  by  a  number  of  unwritten 
conventions. 

Having  now  reviewed  the  position  held  by  engineers  in  four 
of  the  leading  countries  of  the  world — and  the  rules  and  regula- 
tions adopted  in  this  country  by  one  branch  of  the  law  and  the 
medical  profession — I  now  propose  to  devote  our  attention  to 
what  lessons  we  can  learn  from  this  review  and  what  suggestions 
it  gives  rise  to  as  to  means  whereby  the  status  of  the  engmeering 
profession  can  be  improved  in  this  country.  I  should  like  to 
suggest  the  following  points  for  consideration,  dividing  them 
under  two  heads  :  (1)  Those  which  apply  to  the  profession  and 
the  public  and  control  them  equally,  therefore  requiring  legisla- 
tion ;  and  (2)  those  which  apply  only  to  the  internal  regulation 
of  the  profession. 

Under  the  first  head  I  should  place  such  questions  as. 
Would  it  be  wise  and  advisable  for  engineers  to  have  a  legal 
standard  of  qualification  before  they  can  be  entrusted  with  the 
expenditure  of  public  moneys  or  with  works  where  the  public 
safety  is  concerned  ?  Questions  dealing  with  the  remuneration 
of  engineers  :  What  is  an  engineer's  liability  with  regard  to  the 
works  he  designs,  and  how  far  he  can  or  ought  to  put  that  liability 
on  to  the  contractor  ?  The  ownership  of  drawings,  calculations 
and  designs. 

Under  the  second  head  such  questions  as,  Would  it  be 
desirable  or  otherwise  to  establish  a  discipline  committee  ? 
Should  the  discipline  committee  be  authorised  to  deal  with  the 
following  ?  To  what  degree  should  it  be  professional  to  accept 
the  contractor's  designs  and  when  the  engineer  ought  to  ])repare 
his  own  ?  Under  what  conditions  sliould  a  qualified  engineer 
])e  entitled  to  advertise  for  work,  or  offer  U)  prepare  ]>lans,  etc., 
free  in  order  to  obtain  work  ?  should  govern  the  regulations  under 
which  competitions  are  to  be  held. 

Both  in  France  and  in  Germany  we  find  there  is  apparently 
no  evidence  of  a  standard  of   qualification  required    from   the 
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private  consultant  before  he  can  be  entrusted  with  the  expendi- 
ture of  public  money  ;  but  this  is  only  a  delusion,  because  all  the 
public  expenditure  is  in  the  hands  of  the  engineers  of  the  Fonts 
et  Chaussees  in  the  one  case,  and  in  that  of  the  engineers  attached 
to  the  Ministry  of  Public  Works  in  the  other,  so  that  in  fact,  as 
has  been  seen  from  the  description  of  the  training  and  the 
examinations,  they  have  had  to  pass  very  definite  restrictions, 
and  very  full  qualifications  are  required  before  an  engineer  can 
be  employed  on  works  carried  out  at  public  expense.  Whether 
it  would  he  a  good  plan  and  in  the  interest  of  the  public  to  have 
a  Ministry  of  Public  Works,  supported  by  a  staff  of  engineers 
here  in  England  I  do  not  propose  to  discuss,  because  I  am  now 
trying  to  suggest  how  to  improve  the  position  that  exists,  not  to 
create  a  new  one  ;  but  I  should  like  to  say  that  I  think  the  con- 
sultant engineer  of  high  standing  such  as  we  have  in  this  country 
tends  to  very  materially  improve  the  trade  of  the  country. 
They  are  retained  and  employed  all  over  the  world  and  they 
certainly  are  biassed  in  favour  of  the  manufactures  cf  their  own 
country  and  the  integrity  of  the  manufacturers  of  it,  and  try  to 
get  the  orders  placed  in  it  when  possible.  A  further  advantage  in 
our  English  system  is  that  when  the  Government  or  other  author- 
ity requires  advice  on  any  special  subject  there  are  available  a 
number  of  independent  qualified  men  from  whom  they  can  select, 
whereas  it  would  be  a  great  expense  to  the  nation  to  have  them 
permanently  in  the  pay  of  the  Government  or  authority.  In 
municipal  work  the  difficulty  of  finding  a  man  (apart  from  all 
question  of  technical  education),  who  could  possibly  be  expected 
to  cope  with  the  diversity  of  work  which  exists,  both  administra- 
tive and  constructional,  would  be  greater  than  it  is  if  there  were 
no  consultants  to  call  upon  for  assistance.  Again  the  English 
system  lends  itself  to  specialising  and  competition,  both  conditions 
tending  to  advance  the  science  of  engineering. 

In  America  the  same  position  evidently  exists  that  obtains 
in  this  country,  and  there  also  the  feeling  is  evident  that  it  ought 
to  be  altered.  A  topical  discussion  on  engineering  education  at 
the  American  Society  of  Engineers  was  held  last  year,  and 
Mr.  Harold  Bouton  says  the  engineer's  practices  may  be  divided 
into  four  classes  :  (1)  Frauds  ;  (2)  those  depending  on  practical 
experience  alone  ;  (3)  those  who  have  prepared  themselves,  as 
well  as  circumstances,  wisdom,  and  capacity  permitted  ;  (4)  those 
who  have  taken  technical  courses  under  the  instruction  and 
supervision  of  others  Then  he  gives  eighteen  disastrous  results 
arising  from  this  indiscriminate  freedom  of  practice  followed  by 
ten  causes  of  which  I  (juote  the  first  and  tenth  :  (1)  Entire 
lack  of  any  regulation  by  Federal  or  State  governments,  or  this 
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Society,  of  those  who  shall  practise;    (10)  indifference  of  the 
profession  at  large  to  the  deplorable  condition. 

Later  on,  he  says  that  "  Arcliitects  whose  profession  most 
nearly  resemble  engineering  have  examined  the  question.  At 
present,  it  is  said  that  the  States  of  Xew  Jersey,  Illinois,  and 
California  require  a  licence  for  the  practice  of  architecture.  In 
New  York  State  in  1901,  a  circular  was  sent  to  995  architects 
asking  for  the  expression  of  opinion  for  or  against  compulsory 
registration  of  architects.  There  were  520  replies,  493  in  favour, 
20  against,  and  7  doubtful.  The  New  York  Chapter  of  the 
Institute  of  American  Architects  resolved  that  "  No  law  can 
possibly  be  enforced  at  present  which  will  take  away  from  any 
individual  the  right  to  design  and  construct  his  own  building." 

Nothing  would  be  more  contrary  to  English  practice  and 
English  methods  than  to  restrict  anybody's  liberty  to  spend  his 
money  as  he  wished  and  on  the  advice  of  whom  he  wished,  and 
I  could  never  support  any  legislation  which  would  do  this ;  but 
the  question  of  public  money  is  quite  another  thing,  and 
although  other  countries  are  younger  than  England  as  the  homes 
of  engineers'  science,  they  have  realised  this  point  quicker. 
France  and  Germany  have  arrived  at  and  have  been  putting  in 
practice  definite  conclusions,  and  America  is  evidently  advancing 
rapidly  in  the  same  direction.  Many  i)eople  may  say,  "how 
are  such  regulations  and  conditions  to  be  put  into  practice  T'  but 
I  am  certain  that  given  that  the  principle  is  accepted,  the 
machinery  to  carry  it  into  effect  would  not  cause  great  difficulty. 
I  do  not  for  one  moment  sufji>est  that  there  are  not  more 
questions  to  be  solved  in  connection  ^ith  the  engineering 
profession  than  there  are  with  both  law  and  medicine,  (hie  to 
the  fact  that  engineers  are  as  much  engineers  when  they  are 
employed  on  the  scientific  questions  of  manufacture  as  when 
they  are  engaged  on  the  design  of  structures.  Any  registi-ation 
should  in  my  opinion  be  equally  open  to  all  such  engineers,  and 
I  feel  sure  that  they  in  their  employment  would  benefit  by  it — 
their  position  in  relation  to  the  other  employes  would  be 
improved.  The  German  training  for  the  Staatsdienst  is,  of 
course,  universal  up  to  a  certain  point,  and  then  it  is  divided 
into  four  sections  :  (1)  Des  Hochbaues  (high  works) ;  (2)  des 
Wasser  und  Strassenbaues  (water  and  street  works) ;  (3)  des 
Eisenbahnbaues  (railways) ;  (4)  des  Machinenbaues  (machinery). 

The  register  could  he  kept  under  these  four  or  more  or 
similar  heads,  and  it  would  always  be  open  to  an  engineer  to 
qualify  himself  to  practise  under  one  or  two  or  more  heads.  A 
minor  advantage  of  this  system  is  that  parents,  who  are  not 
engineers  themselves,  would  have  a  definite  line  on  whicli  to 
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educate  their  sons,  if  they  wished  to  make  engineers  of  them, 
and  this,  I  think,  would  lead  to  the  best  class  of  men  getting 
into  the  profession.  It  would  also  increase  the  esprit-de-corps 
among  engineers,  as  one  w^ould  always  know  that  any  registered 
man  was  one's  equal,  wliereas,  now,  outside  the  Institution  of 
Civil  Engineers  one  has  no  guide  whatsoever.  There  is  no  doubt 
that  authorities  frequently  give  work  to  incompetent  men  purely 
through  ignorance,  because  to  them  an  engineer  is  an  engineer 
whether  he  drives  an  engine  or  designs  bridges  or  waterworks. 
If  there  was  some  means  by  which  they  could,  without  trouble 
to  themselves,  be  guided  to  the  selection  of  a  properly  qualified 
man,  such  as  by  reference  to  a  register,  there  is  no  doubt,  in  my 
mind,  they  would  prefer  it,  and  require  no  compulsion.  The 
public  health  and  purse  would  benefit.  Compare  the  responsi- 
bilities and  the  duties  of  the  medical  officer  of  health  and  the 
borough  engineer  or  surveyor.  The  respect  and  consideration 
the  first  gets  in  the  public  mind  is  due  to  the  fact  that  he  holds 
definite  qualifications.  The  present  system  of  using  numberless 
letters  as  appendices  to  their  names  by  such  as  hold  no  real 
qualifications  is  a  distinct  detriment  to  the  profession  and  mis- 
leading to  the  public. 

I  have  frequently  been  told  by  friends  that  a  man  must  be 
a  qualified  engineer  because  he  puts  C.E.  behind  his  name, 
believing  this  indicated  qualifications  such  as  M.D.,  and  were 
utterly  astonished  when  I  told  them  there  was  no  restriction 
whatsoever  to  their  use.  Every  evidence  that  I  can  find  and 
every  argument  I  can  suggest  seem  to  clearly  show  that  both 
the  public  and  the  engineer  would  benefit  by  a  proper  system  of 
registration.  That  an  unqualified  man  should  not  be  entrusted 
with  the  erection  of  works  to  be  used  by  the  general  public,  the 
bad  design  of  which  might  cause  loss  of  life,  is,  in  my  opinion, 
self-evident ;  but  although  there  is  no  standard  of  qualifications 
necessary  this  case  does  not  frequently  occur,  owing  to  the  fact 
that  the  greater  number  of  these  structures  are  in  the  hands  of 
authorities,  such  as  railway  companies,  whose  engineers  are 
all  highly  qualified  men  ;  but  because  the  practice  is  good  it  does 
not  prove  that  the  system  is  good. 

Now  turning  to  the  question  of  engineers'  remuneration,  this 
I  consider  an  essential  but  very  difficult  point.  The  only 
charges  so  established  that  no  discussion  (if  according  to  scale) 
can  be  raised  are  those  of  solicitors.  The  expense  of  keeping  and 
rendering  accounts  on  their  system  is  excessive,  being  paid  by  the 
length  of  a  letter,  which,  although  only  containing  a  few  lines,  and 
can  therel'ore  only  be  charged  as  a  short  letter,  may  have  taken  a 
very  considerable  amount  of  thought  and  reference  before  it 
could  be  written — is  not  a  system  or  type  of  system  which  I 
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could  advocate.  The  architects'  scale  of  charges  is  the  nearest 
approach  to  what  is  required  by  engineers ;  but  it  has  the  great 
difficulty  that  it,  to  a  great  extent,  assumes  that  all  men  are  of 
the  same  calibre,  and  have  had  the  same  experience.  The  fact 
of  putting  the  minimum  daily  fee  at  three  guineas  would  make 
it  very  difficult  for  a  senior  in  the  profession  who  is  fully  justified 
in  charging  fifteen  guineas  to  do  so. 

I  have  never  heard  a  suggestion  made,  or  can  I  conceive  a 
scale  which  would  apply  to  all  cases  sufficiently  closely  to  be 
advocated  ;  but  although  I  do  not  think  any  scale  can  be  adopted, 
I  do  consider  that  a  very  great  deal  might  be  done  which  would 
benefit  the  engineer  by  establishing  a  legal  basis  and  system  for 
his  charges.  For  instance,  it  could  be  authoritatively  laid  down 
that  a  percentage  is  to  be  the  basis  of  a  charge  when  drawings 
have  to  be  prepared  from  which  works  may  be  constructed,  and 
at  what  stages  propoition  of  such  percentage  becomes  due.  So 
that  in  the  event  of  a  dispute  it  could  not  be  held  by  the  judge 
(I  believe  this  has  been  done ;  Init  1  cannot  find  the  reference 
now)  that  a  percentage  is  not  a  proper  metliod  of  charging,  but 
that  it  ought  to  be  quantum  meruit  based  on  time,  etc.  Further, 
sucli  points  as  the  length  of  a  professional  day.  whether  time 
occupied  in  travelling  is  to  be  paid  for.  Then  it  should  be  rendered 
legal  for  the  Taxing  Master  to  allow  a  reasonable  amount  for 
professional  fees,  and  prevent  injustices  which  frequently  occur, 
such  as  the  following  :  A  property  owner  brought  a  case  against 
a  rich  corporation,  the  corporation  made  no  ofter,  and  damages 
and  costs  were  awarded  against  it ;  but  the  property  owner 
was  ruined,  because  to  retain  witnesses  wliose  evidence  would 
weigh  against  the  evidence  of  those  brought  i)y  the  corporation, 
he  had  to  pay  very  much  beyond  what  tlie  Taxing  Master  couhl 
allow.  It  frequently  occurs  that  clients  shrink  from  or  avoid 
entering  into  an  agreement,  but  lead  engineers  on  step  by  step 
to  do  more  and  more  work.  When  the  work  is  done,  the  fee 
demanded  is  repudiated,  and  there  is  no  remedy.  The  lawyer 
would  of  cource  say  that  he  has  his  remedy  at  law,  but  the 
remedy  is  worse  than  the  disease,  because  tliere  is  no  legal  basis 
on  which  to  charge ;  the  reputation  of  being  litigious,  wliether 
rightly  or  wrongly  gained,  is  very  detrimental  to  his  practice, 
and  lastly,  the  cost  both  in  time  and  money  involved.  If  the 
client  knew  that  the  engineer  was  legally  entitled  to  charge  a 
certain  percentage,  or  so  much  per  day,  and  the  only  ([uestion 
which  could  arise  would  be  the  question  of  what  per  cent,  or 
amount  per  day,  this  difficulty  would  be  greatly  modified. 

To  what  extent  an  engineer  is  liable  for  the  works  he  has 
designed,  and  to  what  extent  he  is  liable  for  the  efficient  super- 
vision by  his  subordinates  are  very  difficult  legal  points,  and  I 
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am  afraid  must  remain  so;  but  I  think  if  some  fairly  clear 
statement  of  liability  were  laid  down,  it  would  be  of  great  help 
to  the  engineer.  To  illustrate  what  I  mean  I  will  take  the 
summing  up  of  a  case  by  Mr.  Justice  Bigham,  reported  on 
December  4,  1906.  He  says,  "  Any  professional  man  engaged 
to  do  something  in  connection  with  his  profession  was  bound  to 
exercise  reasonable  care  and  reasonable  skill.  He  wa^  expected 
to  have  equipped  himself  with  the  necessary  knowledge,  and  to 
add  care  and  attention  to  the  exercise  of  that  knowledge.  The 
degree  of  care  and  skill  would  depend  on  the  circumstances  of 
the  case.  The  patient  should  not  expect  the  same  skill  from  a 
young  practitioner  of  two  and  three  and  twenty  as  from  an 
eminent  surgeon.  Again,  if  a  surgeon  was  suddenly  called  in 
in  the  hurry  of  his  practice,  the  degree  of  skill  to  be  expected 
would  not  be  the  same  as  that  which  one  might  expect  from  a 
man  who  had  plenty  of  time  to  think  and  decide  upon  a  course 
of  action.  A  surgeon  who  made  a  mistake  of  judgment  was  not 
necessarily  liable,  and  they  would  have  to  beware  of  founding 
their  verdict  upon  any  mere  error  of  judgment." 

Here  we  have  it  clearly  laid  down  that  an  error  of  judgment 
does  not  create  liability.  It  is  therefore  necessary  to  prove 
something  more  than  a  mistake  has  been  made,  and  I  gather 
from  this  that  liability  can  only  result  from  negligence.  On 
this  rises  a  very  difficult  question  as  to  what  is  negligence.  We 
know  that  works  dealing  with  large  sums  of  money  are  nearly 
invariably  given  to  the  senior  men  whose  age  and  experience 
are  of  great  value  to  the  undertakers,  but  whose  very  age  renders 
it  impossible  for  them  to  inspect  the  work  tliemselves.  Take, 
for  example,  could  the  average  man  of  sixty-five  go  into  a  high 
ail'  pressure  in  the  construction  of  a  tube,  or  go  up  a  ladder 
150  feet  high  ?  So  that  he  is  bound  to  depute  this  inspection. 
If  he  exercises  care  in  the  selection  of  his  representative,  can 
lie  be  held  liable,  is  a  very  important  question. 

How  far  an  engineer  or  his  clients  can  depute  or  ought  to 
impose  liability  for  his  design  on  the  contractor  is  another 
difficult  question.  If  a  contractor  agrees  to  accept  the  liability, 
he  is  of  course  bound  by  his  agreement,  but  how  far  it  is  in  the 
interest  of  the  profession  for  engineers  to  insert  in  their  general 
condition  of  contract  as  a  usual  course  that  the  contractor  shall 
be  responsible  for  the  sufficiency  of  the  design  is  a  grave  question 
for  the  profession  to  settle.  If  the  client  asks  the  contractor  to 
guarantee  the  design  it  shows  great  want  of  faith  in  the  engineer 
he  has  selected. 

To  engineers,  the  ownership  of  the  drawings  is  not  nearly  so 
important  a  matter  as  it  is  to  architects,  because  ordinarily  they 
are  only  of  use  for  the  works  for  which  they  have  been  prepared, 
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but  notwithstanding  this  I  think  it  is  a  matter  which  onght  to 
be  settled.  I  have  heard  solicitors  argue  that  one  is  not  legally 
entitled  to  retain  a  copy  for  future  reference.  If  this  is  tlie  true 
law,  I  think  it  ought  to  be  altered,  because,  although  one  may 
not  repeat  the  same  design,  the  drawings  for  reference  are 
frequently  of  great  value. 

Now  dealing  with  the  questions  under  the  second  head,  which 
apply  only  to  tlie  internal  regulation  of  the  profession,  we  have 
seen  the  work  done  by  the  discipline  committee  of  the  Incor- 
porated Law  Society,  and  the  resolutions  passed  by  the  general 
medical  council,  acting  as  a  discipline  committee.  Clear  defi- 
nitions as  to  what  the  profession  itself  considers  a  proper 
professional  course  would  no  doubt  be  welcomed  liy  all  who 
wisli  by  genuine  work  and  merit  to  progress  in  their  profession, 
and  there  is  no  doubt  that  a  discipline  committee,  to  whom 
points  of  etiquette  could  be  referred,  and  in  whom  the  members 
of  the  profession  liad  confidence,  would  be  a  great  influence  for 
good. 

The  whole  question  of  when  an  engineer  should,  in  prefer- 
ence to  preparing  designs  himself,  apply  to  the  contractor  for 
designs,  is  a  complicated  one.  Xo  one  would,  I  think,  suggest 
that  the  independent  professional  engineer  should,  for  instance, 
design  either  pumping  engines  or  locomotives  which  may  be 
required  for  works  he  is  carrying  out.  On  the  otlier  hand, 
there  is  no  doul)t  that  at  times,  rather  than  undertake  the 
labour — and  sometimes  for  want  of  knowledge — it  does  occur 
that  the  contractor  practically  provides  the  engineer  with  the 
design,  when  it  would  be  more  in  the  interest  of  the  engineer's 
client,  and  of  the  profession,  if  he  did  this  work  himself.  An- 
otlier  way  in  which  this  course  injures  the  profession,  is  that 
clients  ascertain  what  has  occurred,  and  they  naturally  think,  if 
the  contractor  supplies  the  design,  why  do  I  need  an  engineer  ? 
Further,  the  contractor  also  considers  that,  as  he  has  to  keep  a 
technical  staff,  he  does  not  see  why  an  engineer  should  be  paid 
for  the  work  he,  the  contractor,  does. 

The  next  point  to  which  I  have  referred  under  the  second 
head,  viz.  Under  wliat  conditions  should  a  qualified  engineer  be 
entitled  to  advertise  for  work,  would  at  the  first  glance  easily 
be  answered  by  the  words  "  under  no  conditions  whatsoever." 
But  when  we  examine  the  advertisement  slieets  of  the  engineer- 
ing papers  and  find  ourselves  face  to  face  witli  the  names  of  some 
of  the  most  lionoured  members  of  the  Institution  appearing  as 
partners  in  firms  who  advertise,  it  makes  one  pause  and  ask,  how 
are  we  to  differentiate  between  members  of  the  same  profession 
who  may,  or  may  not,  advertise  and  offer  to  prepare  jjlans  and 
estimates  free  ?     Competitions  are  a  minor  point  in  engineering 
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work  compared  with  architectural  work,  but  at  the  same  time 
there  is  no  doubt  that  to  control  the  method  on  which  they  are 
to  be  carried  out,  if  allowed  at  all,  would  be  an  advantage. 

I  have  endeavoured  to  give  you,  in  as  few  words  as  possible, 
a  review  of  the  position  of  our  profession  in  several  countries  of 
tlie  world ;  to  compare  its  constitution  and  rules  with  those  of 
older  professions,  and  to  suggest  for  consideration  various  points 
where  our  organisation  could  be  improved.  In  conclusion,  I 
should  like  to  urge,  as  the  first  and  foremost  necessity,  that  our 
profession,  which  deals  with  the  life  and  health  of  the  public  by 
the  thousand,  should  take  steps  to  prevent  the  admission  of  all 
unqualified  persons  to  its  ranks,  thereby  increasing  its  useful- 
ness and  raising  it  higher  in  the  esteem  of  the  community  at 
large. 
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JOSEPH  WILLIAM  WILSON,  Vice-President,  in  the  Chair. 

THE   CONNAUGHT   BRIDGE,    NATAL.* 

By  Edward  John  Stead. 

Introductory. 

In  preparing  this  paper  the  author's  desire  is  to  bring  before 
the  Society  particulars  of  an  accomplished  work,  in  the  hope 
that  it  may  prove  interesting  to  members  generally  as  well  as 
useful  to  those  who  may  have  similar  works  under  their  charge. 
This  work  is  the  Connaught  Bridge,  Natal,  of  which  the  author 
was  resident  engineer  during  construction.  The  bridge  carries 
the  north  coast  main  road  from  Durban  to  Verulam  and  north- 
wards to  Zululand,  over  the  Umgeni  river  at  a  point  4  miles 
distant  from  Durban  and  about  3  miles  from  the  Indian  Ocean. 
The  new  structure  replaces  an  old  low  level  timber  bridge 
situated  immediately  on  the  upstream  side,  which  was  erected 
in  1868  by  the  Imperial  Military  Authorities.  The  area  of  the 
watershed  of  the  Umgeni  river  above  the  bridge  is  1660  square 
miles  and  the  length  of  the  river  is  165  miles.  The  source  of 
the  river  is  near  Spioen  Kop  and  the  Inhluzane  Mountain, 
6200  feet  above  sea  level.  There  are  two  vertical  falls  in  the 
river,  Howick  Falls  and  Albert  Falls,  together  amounting  to 
380  feet.  Allowing  for  these  falls  the  average  grade  of  the 
river  is  about  27  feet  per  mile,  or  1  in  195. 

Rainfall. 

From  observations  of  rainfall  during  the  last  10  years  extra- 
ordinary rainfall  seems  to  be  confined  to  the  coastal  district, 
comprising  about  130  square  miles  of  the  watershed.  In  that 
area  6  inches  of  rain  fell  in  3  hours  on  May  31,  1905,  i.e.  2  inches 
per  hour.  Inland  such  heavy  falls  are  not  recorded  within  the 
last  10  years.  The  discharge  at  the  bridge,  due  to  an  assumed 
maximum  rainfall  of  2  inches  per  hour,  due  to  the  coastal  area 

*  The  Beasemer  Premium  was  awarded  to  the  author  for  this  paper. 
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of  130  square  miles,  would  equal  10,000,000  cubic  feet  per 
minute,  and  it  is  possible  that  this  discharge  could  occur  in 
about  2  hours  after  the  commencement  of  the  rain.  The  whole 
watershed  could  be  in  operation  in  from  16  to  20  hours, 
assuming  the  velocity  of  the  flooded  river  to  be  about  10  miles 
per  hour.  The  discharge  at  the  bridge  due  to  an  assumed 
maximum  rainfall  of  6  inches  per  24  hours,  or  J  inch  per  hour, 
would  equal  15,500,000  cubic  feet  per  minute,  making  no  allow- 
ance for  loss  by  percolation. 

The  highest  known  flood  level,  that  of  1856,  is  27-10  feet 
above  sea  level  datum,  and  the  area  of  the  cross  section  of  the 
river  up  to  that  level  is  15,500  square  feet.  At  a  velocity  of 
10  miles  per  hour,  whicli  was  the  velocity  observed  during  an 
extraordinary  flood  in  June  1905,  the  discharge  at  the  bridge 
would  be  about  13,700,000  cubic  feet  per  minute.  The  level 
of  the  bottom  boom  of  girders  is  29*47  feet  above  datum,  but 
flood  water  could  never  reach  higher  than  28*77,  when  it 
would  flow  over  the  approach  roads  and  expend  itself  over  an 
enormously  increased  area. 

General  Description, 

The  bridge  consists  of  twelve  spans  (Fig.  1,  Plate  I.),  the 
total  length  between  abutments  being  922  feet  8  inches.  Each 
end  span  is  74  feet  8  inches  from  the  face  of  abutment  to  the 
centre  of  pier,  and  the  other  ten  spans  are  77  feet  4  inches  from 
centre  to  centre  of  the  piers,  or  73  feet  4  inches  in  the  clear.  The 
girder  bed  level  is  22*32  feet  above  winter  level  of  river,  and 
2-37  feet  above  the  highest  known  flood  level.  The  abutment 
at  the  south  or  Durban  end  is  built  of  concrete  with  a  masonry 
facing,  on  a  piled  foundation,  and  the  abutment  at  the  north  or 
Zululand  end  consists  of  a  pair  of  cylinders,  similar  to  the 
piers,  with  the  embankment  carried  round  them  and  faced  with 
dry  masonry  pitching.  Owing  to  the  soft  nature  of  the  under- 
lying strata  it  was  not  deemed  advisable,  nor  was  it  reasonably 
practicable,  to  construct  a  concrete  abutment  on  this  side. 
Each  pier  is  constructed  of  a  pair  of  steel  cylinders  25  feet 
6  inches  from  centre  to  centre,  sunk  to  a  suitable  foundation, 
and  then  filled  up  solid  with  concrete.  The  cylinders  are  6  feet 
in  diameter  below  the  river  bed  and  4  feet  diameter  for  the 
upper  portion.  The  two  cylinders  are  braced  together  to  form 
one  pier,  and  fitted  with  ornamental  cast-iron  caps. 

The  superstructure  is  of  steel  throughout.  The  main  longi- 
tudinal girders  are  7  feet  9  inches  in  height,  of  the  N  type,  ten 
bays  to  each  span,  the  four  centre  bays  being  counterbraced. 
Each  span  of  main  girders  carries  eleven  cross  girders  2  feet 
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6  inches  deep,  resting  on  and  riveted  to  the  lower  booms.  On 
the  top  of  the  cross  girders  corrugated  flooring  plates  are 
riveted,  the  troughs  of  which  are  filled  up  with  Ijroken  stone 
and  asphalt.  The  whole  floor  is  covered  with  a  layer  of 
])roken  stone  and  asphalt,  upon  which  is  the  macadamised  road 
surface.  Footways  4  feet  4  inches  wide  are  provided  on  each 
side  of  the  bridge  outside  the  main  girders.  The  approach  roads 
are  of  easy  gradients,  and  35  feet  wide. 

South  Abutment. 

The  preliminary  probings  taken  over  the  site  of  the  south 
abutment  indicated  a  bed  of  hard  clay  at  a  depth  of  28  feet 
below  ground  level,  upon  which  it  was  intended  to  commence 
concreting.  However,  in  getting  out  the  excavation  difficulties 
were  experienced  in  dealing  with  the  water  directly  the  level  of 
the  river  bed  was  reached,  i.  e.  10  feet  below  ground  level. 
The  strata  was  so  pervious  that  a  very  large  quantity  of  water 
poured  in.  Two  steam  pumps,  a  3-inch  Pulsometer  and  a 
5-inch  centrifugal,  were  tried,  l)ut  were  found  to  be  inelfective. 
An  8-inch  centrifugal  steam  pumping  plant  was  then  utilised, 
and  with  that  a  depth  of  15  feet  from  ground  level  was  reached. 
Tube  borings  3  inches  diameter  were  then  taken  at  several 
points  in  the  excavation,  and  after  passing  through  layers  of 
sand  and  soft  clay  a  hard  blue  gravel  bottom  was  reached  at  a 
depth  of  37  feet  l)elow  ground  level.  The  obvious  difficulty, 
danger,  and  expense  of  having  to  carry  an  open  excavation  to 
such  a  depth  through  the  unsatisfactory  strata  shown,  caused  a 
reconsideration  of  the  design  for  this  abutment,  resulting  in  the 
adoption  of  piling. 

There  are  seventy-five  piles  (Fig.  4,  Plate  1.)  12  inches  by 
12  inches  pitch  pine,  the  average  length  being  29  feet.  The 
heads  of  the  piles  are  braced  together  longitudinally  and  trans- 
versely with  12  inches  by  6  inches  pitch  pine  walings,  and  cross 
heads  bolted  with  1-inch  diameter  wrought-iron  Ijolts.  The  piles 
were  driven  with  a  1-ton  hammer  witli  an  average  drop  of  7  feet. 
Two  piling  engines  were  worked  at  the  same  time,  in  one  case  a 
comparatively  light  guiding  frame  was  utilised  in  conjunction 
with  a  3-ton  crane  and  a  steam  wincli.  The  jib  of  the  crane 
was  stationed  immediately  over  the  head  of  the  pile,  the  strain 
of  raising  the  liammer  being  borne  by  the  crane,  the  frame  only 
serving  to  guide  tlie  pile.  The  wire-rope  from  the  winch  passed 
through  a  block  at  the  foot  of  the  crane,  thence  up  the  mast  and 
to  the  jib  and  hammer.  The  other  frame  was  of  heavier  con- 
struction, as  no  crane  was  used ;  the  wire  rope  passed  from  the 
winch  through  a  block  at  the  foot  of  the  ladder,  thence  over  a 
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pulley  in  the  frame  head.  Both  arrangements  were  effective 
and  expeditious,  though  the  lighter  frame  was  the  more  easily 
moved  from  place  to  place,  and  the  crane  had  only  to  be  swung 
over  each  pile  and  stationed  there  by  means  of  guy  ropes.  Piling 
was  commenced  on  May  5,  1904,  and  completed  on  June  2, 
1901,  being  24  working  days,  giving  practically  three  piles 
driven  per  day.  The  penetration  of  the  piles  at  the  last  blows 
of  the  hammer  varied  from  J  inch  to  i  inch,  with  a  drop  of 
7  feet.  All  the  piles  were  cut  off  1  foot  above  the  level  of  the 
water,  so  as  to  allow  the  walings  and  cross  heads  to  be  fitted. 

There  was  a  depth  of  5  feet  of  water  in  the  excavation,  and 
as  the  inflow  was  very  heavy,  pumping  could  not  be  carried  on 
during  any  concrete  work,  so  the  concrete  was  placed  under 
water  by  means  of  a  bell-mouthed  wooden  shoot,  7  feet  deep, 
made  to  go  between  the  rows  of  piles.  The  shoot  was  hung  on 
to  the  crane  rope  and  lowered  to  the  bottom  of  the  excavation. 
The  concrete  was  mixed  in  a  Kansome  drum  mixer,  tipped  out 
on  to  a  platform  and  left  until  it  was  in  a  semi- plastic  state. 
This  was  done  in  order  that  the  concrete  sliould  not  be  damaged 
in  passing  it  through  the  water  in  the  shoot.  The  shoot  was 
filled  up  and  constantly  kept  full  so  that  the  concrete  was  not 
tipped  through  water.  By  slightly  lifting  the  shoot  with  the 
crane  and  rocking  it  a  little,  the  concrete  flowed  out  quietly  and 
steadily  and  with  a  minimum  disturbance  of  the  cement.  Con- 
crete was  filled  in  for  the  full  width  and  length  of  the  excavation 
and  carried  up  to  a  height  of  6  feet  above  the  pile  heads.  Upon 
this  foundation  the  abutments  and  wing  walls  were  built  of 
concrete,  with  rock-faced  freestone  masonry  faces  averaging 
18  inches  on  the  bed.  A  section  of  the  abutment  is  shown  in 
Fig.  5,  Plate  I.  From  the  top  of  the  concrete  foundation  to  the 
level  of  the  weep-holes,  well-tempered  clay  puddle  was  placed 
with  falls  leading  to  the  weep-holes,  and  above  the  puddle  dry 
stone  lining  was  carried  to  the  top  of  the  abutment.  The  girder 
bed-stones  are  of  red  Natal  granite  from  the  Alexandra  Junction 
Granite  quarries,  which  are  situate  some  30  miles  south  of 
Durban.  The  concrete  throughout  was  composed  of  6  parts  of 
broken  whinstone,  2-inch  gauge,  3  parts  of  coarse  sand  from 
the  Umgeni  river  bed  at  the  bridge,  and  1  part  Portland 
cement. 

The  string  courses,  parapet  walls,  and  pilasters,  are  all  of 
rock-faced  freestone  masonry,  obtained  from  the  Mount  More- 
land  quarries,  20  miles  north  of  Durban.  At  the  girder  ends, 
small  piers,  2  feet  by  1  foot  3  inches,  with  caps,  the  underside 
of  which  are  level  with  the  tops  of  tlie  girders,  are  designed  to 
give  a  finished  appearance,  and  between  these  small  piers  and 
the  parapet  walls  are  the  entrances  to  the  bridge  footways.    The 
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caps  on  the  small  piers  have  white  marble  inscription  tablets 
let  into  them,  giving  the  name,  dates,  cost,  etc.,  of  the  bridge. 

The  weight  of  the  abutments  and  wing  walls,  etc.,  is  1500 
tons,  and,  with  the  load  of  half  a  span  imposed  by  the  girders, 
and  the  live  load  on  half  a  span,  the  total  weight  brought  to 
bear  on  the  foundation  is  1(328  tons.  The  base  area  of  the 
concrete  foundation  is  1000  square  feet,  and  tlie  safe  load  for 
the  material  upon  wliich  it  is  built  may  be  assumed  at  U  75  of  a 
ton  per  square  foot — that  is,  750  tons,  leaving  878  tons  to 
be  carried  by  the  piles,  or    11^  tons    per   pile.      Taking   the 

Engineering  Nev)s  formula,  L  =  I*         ,  where  L  equals  safe  load 

in  tons,  lo  =  weight  of  hammer  in  tons,  k  =  fall  of  hammer  in 
feet,  and  S  =  penetration  of  pile  in  inches  at  the  last  blow,  the 
safe  load  per  pile  works  out  at  nearly  14  tons.  The  formula 
allows  a  factor  of  safety  of  6. 

Cylinder  Piers. 

The  piers  are  composed  of  steel  cylinders,  6  feet  in  diameter 
Ijelow  river  bed,  and  4  feet  diameter  for  the  upper  parts.  The 
cylinders  were  made  in  3  segments,  with  vertical  angles  2^  inches 
l)y  24  inches  by  '^  inch,  for  riveting  the  segments  together.  The 
tops  and  bottoms  are  fitted  with  similar  angles  for  bolting  the 
successive  lengths  together  with  J-inch  bolts,  6  inches  pitch. 
The  skin-plates  are  |  inch  thick.  The  6-feet  diameter  lengths 
are  stiftened  by  a  5  inches  by  2J  inches  by  |  inch  horizontal 
tee  in  the  centre  of  the  cylinder,  and  the  4  feet  diameter  lengths 
by  a  2^  inches  by  2J  inches  by  f  inch  angle  in  a  similar  posi- 
tion. The  bottom  lengths  of  the  6-feet  diameter  cylinders  have 
a  I  inch  by  12  inches  cutting-plate  riveted  on  to  the  outside  of 
the  skin  plate,  and  these  lengths  are  further  stiffened  by  three 
5  inches  by  2\  inches  by  f  inch  tee  vertically  up  the  lower  half. 
Details  of  the  cvlinders  are  shown  in  Fio:.  6,  Plate  11.  The 
top  lengths  of  t'le  4-feet  diameter  cylinders  are  fitted  with  a 
44  inches  by  4^  inches  by  ^  inch  angle  outside,  to  which  a 
moulded  cast-iron  cap  is  fixed  by  means  of  tap  bolts.  The 
rivets  on  the  outside  of  all  cylinders  are  countersunk.  All  the 
cylinders  were  shipped  from  England  in  three  segments,  and' 
riveted  together  on  the  works. 

Tlie  design  provided  for  a  6  feet  length  of  cylinder  tapering 
frijm  6  feet  to  4  feet  diameter  to  form  a  connection  between  the 
different  diameters  of  cylinders  forming  the  pier,  the  level  of 
the  bottom  of  the  taper  pieces  being  about  2  feet  below  river 
bed  level,  and  this  level  had  to  be  adhered  to.  In  the  con- 
struction, however,  it  was  found  that  it  would  be  ditficult  and 

c  2 
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expensive  to  sink  the  6  feet  diameter  cylinders  to  the  exact 
levels  to  receive  the  taper  pieces,  or  to  adopt  the  only  other 
alternative  which  appeared  to  be  practicable,  that  is  to  obtain 
making-up  pieces  of  cylinder,  which  would  necessarily  have  to 
be  obtained  locally  owing  to  the  exact  length  required  being 
indeterminable  until  the  sinking  of  the  cylinder  was  completed. 
In  the  first  pier,  when  the  cylinder  was  satisfactorily  berthed 
on  hard  gravel,  it  was  found  that  there  was  a  space  of  3  feet 
4J  inches  between  the  cylinder  and  the  taper  piece  level,  the 
top  of  the  cylinder  being  2  feet  under  water.  At  this  stage  the 
practical  difficulty  of  using  taper  pieces  had  to  be  faced,  and  it 
was  carefully  considered  by  the  engineers  of  the  department. 
It  was  decided  that  it  would  not  be  advisable  to  attempt  to  sink 
the  cylinders  to  the  exact  required  depth  to  allow  the  taper 
piece  to  be  fixed  at  its  correct  level.  The  level  of  the  taper 
piece  could  not  be  altered  owing  to  the  position  of  the  bracing 
of  the  piers,  as  will  be  seen  by  Fig.  2,  Plate  I.  It  was  therefore 
decided  that  making-up  pieces  of  the  exact  lengths  should  be 
obtained  locally,  and  fixed  on  the  cylinder,  and  upon  these  the 
taper  pieces  were  set.  The  cost  of  making-up  pieces  obtained 
in  the  colony  was  nearly  100  per  cent,  higher  than  that  of 
similar  work  imported  from  England.  Time  would  not  permit 
of  the  making-up  pieces  being  made  in  England,  and  so  the 
extra  expense  was  unavoidable.  Further,  considerable  difficulty 
was  experienced  in  fixing  the  making-up  pieces  below  water. 

The  experience  gained  in  the  first  pier  gave  rise  to  the  con- 
sideration of  an  alternative  method  of  connecting  the  cylinders 
of  different  diameters,  and  the  author  proposed  a  form  of  tele- 
scopic joint,  which  was  ultimately  adopted  on  all  other  piers. 
In  this  design  the  4  feet  diameter  cylinder  is  telescoped  into 
the  6  feet  diameter  cylinder  as  much  as  is  necessary  to  meet  the 
levels,  but  not  less  in  any  case  than  2  feet.  The  cylinders  are 
filled  solid  from  top  to  bottom  with  concrete,  and  in  the  concrete 
are  embedded  three  railway  rails  about  10  feet  long,  as  shown 
in  Fig.  3,  Plate  I.  An  advantage  of  this  joint  is  that  any  slight 
departure  during  sinking  from  the  true  position  can  be  rectified 
when  placing  the  lesser  diameter  cylinder,  and  perfect  alignment 
assured.  Practical  demonstration  of  the  strength  of  the  joint 
was  afforded  during  the  heavy  fiood  of  1st  June,  1905,  when  the 
Vjridge  was  constructed  only  as  far  as  pier  No.  5.  The  flood 
brought  down  an  enormous  mass  of  debris  which  accumulated 
against  the  old  bridge,  causing  it  to  be  carried  away.  A  large 
portion  was  dashed  against  pier  No.  5,  and  turned  broadside  up 
against  the  x^ier.  In  that  position  it  exerted  a  tremendous 
pressure  on  the  pier,  which  showed  not  the  least  sign  of  failure. 
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Sinking  Cylinders. 

The  statrin.s;  and  guides  for  sinking  the  cylinders  are  shown 
in  Fig.  8,  Plate  II.  The  piles  were  12  inches  square  and  driven 
about  12  feet  below  river  bed.  A  few  inclies  above  water  level 
a  set  of  6  inclies  by  12  inclies  horizontal  timbers  were  bolted  to 
the  piles,  leaving  a  space  of  2  inches  between  the  faces  and  the 
outside  of  the  cylinder  in  order  that  the  cylinder  might  be  con- 
trolled by  wedges.  The  piles  were  left  about  9  feet  above  water 
level  and  at  the  top  a  second  set  of  horizontal  timbers  were 
fixed.  Three  lengths  of  cylinder  were  bolted  together,  the 
cutting  edge  being  placed  on  the  river  bed,  and  carefully 
plumbed  up  every  way,  then  sinking  commenced.  The  sinking 
l)lant  consisted  of  a  3-ton  steam  crane,  mounted  on  a  carriage 
and  rails  to  travel  longitudinally,  and  a  grab.  The  crane  was 
stationed  on  the  centre  line  of  the  bridge  and  behind  the  pier, 
so  as  to  work  alternately  at  either  cylinder.  Two  forms  of  grab 
were  used,  one  being  Butter's  hemispherical  grab,  opening  in 
three  parts,  and  one  oblong  grab  by  Stothert  and  Pitt,  opening 
in  two  parts.  Both  grabs  did  good  work,  but  the  latter  was  the 
better  in  clay.  The  former  cut  from  the  centre  of  the  cylinder 
each  time  forming  a  "  nest "  and  leaving  a  ring  of  clay  all  round 
the  inside  of  the  cylinder,  thus  impeding  its  descent.  The 
oblong  grab  did  not  each  time  excavate  from  the  same  place, 
and  consequently  there  was  not  the  same  liability  for  the 
cylinder  hanging.  As  the  coarse  sand  was  excavated,  the 
cylinder  gradually  sank  without  any  load  until  depths  from  15 
to  25  feet  were  reached,  and  in  some  cases  until  the  black  clay 
material  was  entered.  During  the  initial  stages  of  sinking,  great 
care  was  exercised  in  keeping  the  cylinder  in  correct  position 
and  perfectly  plumb.  It  was  found  that  after  about  30  feet  of 
sinking,  if  the  cylinder  was  correct  and  plumb  at  that  depth,  it 
would  remain  so  without  any  guides,  so  that  the  timbering  was 
generally  removed  to  allow  greater  facility  in  sinking.  Some  of 
the  cylinders  got  slightly  out  of  true  position,  chiefly  by  striking 
l)()ii biers.  The  correction  for  position  was  made  in  setting  the 
4:-feet  diameter  cylinders. 

When  loading  became  necessary  a  special  length  of  cylinder 
was  bolted  on.  This  length  had  brackets  bolted  to  it,  and  upon 
the  I  rackets  two  of  the  cross  girders  of  the  superstructure  were 
bolted  down,  the  top  flanges  of  the  girders  being  made  level  with 
the  top  of  the  cylinder,  as  shown  in  Fig.  7,  Plate  II.  Upon  the 
girders  loading  of  railway  rails,  weighing  61  lb.  per  yard,  was  packed 
to  weights  required  to  start  a  downward  movement.  The  amount 
of  loading  varied  from  a  few  tons  to  as  much  as  115  tons,  and 
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as  a  general  rule,  increased  with  the  depth.  The  variations 
in  the  character  and  formation  of  the  river  bed  and  the  under- 
lying strata  caused  great  differences  in  the  amount  of  loading 
required.  In  Fig.  1,  Plate  I.,  the  section  indicates  the  main  beds 
sunk  through,  but  the  formation  is  alluvial  nnd  very  irregular. 
Thin  layers  of  clay  material  and  decayed  vegetable  matter  were 
found  in  the  sand  bed,  and  thin  layers  and  pockets  of  sand  were 
sunk  through  in  the  black  clay  bed.  In  some  piers  heavy  black 
mud  and  silt  were  sunk  through.  In  cases  where  a  cylinder 
could  not  be  induced  to  descend  under  a  fair  load,  small 
gelignite  charges  were  dropped  to  the  bottom  and  exploded, 
invariably  having  the  desired  effect.  Excavation  and  loading 
were  proceeded  with  by  the  one  crane  on  each  cylinder  of  a  pier 
alternately. 

The  first  pier  sunk  was  pier  No.  1,  and  the  cylinders  reached 
a  bed  of  hard  blue  gravel  at  depths  of  44  feet  3  inches  and 
49  feet  3  inches.  In  order  to  prove  that  the  cylinders  were  not 
just  resting  on  a  ledge  of  gravel  a  borehole  was  put  down  about 
20  feet  north  of  the  pier,  and  the  gravel  bed  was  found  again  at 
about  the  same  depth.  The  deepest  pier  is  No.  9,  the  cylinders 
there  being  97  feet  9  inches  and  103  feet  8  inches  below  river 
bed.     The  average  depth  of  cylinders  is  77  feet. 

Preliminary  probings  had  been  taken  over  the  site  of  each 
cylinder  prior  to  the  commencement  of  the  construction  of  the 
bridge,  and  it  was  anticipated  that  a  satisfactory  foundation  for 
the  cylinders  would  be  obtained  on  the  clay  bed  at  an  average 
depth  of  41  feet.  When  this  bed  was  reached  at  pier  No.  2,  a 
test  was  made  of  its  supporting  power  with  very  disappointing 
results.  The  bottom  was  cleaned  and  levelled  by  a  diver,  and  a 
column  lowered  into  the  cylinder  and  stayed  to  the  sides  in  such 
a  manner  that  any  downward  movement  was  not  impeded.  The 
column  was  loaded  and,  with  a  weight  equal  to  2  tons  per  square 
foot  of  area  of  the  base,  sinkage  commenced,  and  as  the  load  was 
increased,  sinking  was  continued  until  the  column  had  gone  down 
5  feet  into  the  clay,  when  the  test  was  given  up.  Tube  borings 
witli  3-incli  tubes  were  taken  at  every  pier,  and  no  practicable 
alternative  was  left  Ijut  to  sink  the  cylinders  down  to  the  white 
sea  sand,  upon  which  they  now  rest.  It  appears  to  the  author 
that  the  porticm  of  the  Umgeni  valley  at  the  bridge,  and  for 
some  distance  inland,  was  at  one  time  an  arm  of  the  sea,  and 
that  the  strata  overlying  the  white  sand  are  all  alluvial, 
gradually  deposited  by  the  river  during  a  long  period  of  years. 
It  is  interesting  to  note  that  a  tooth  of  a  hippopotamus  was 
brouglit  up  from  a  cylinder  when  70  feet  deep. 

The  sinking  of  the  cylinders  was  commenced  at  pier  No.  1 
un  June  G,  1904,  and  a  start  was  made  at  the  cylinder  abutment 
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on  the  Zululand  side  on  September  8,  1904,  operations  being 
carried  on  from  both  ends,  pier  No.  8  being  the  last  to  be  sunk. 
The  whole  of  the  sinking  was  completed  on  October  6,  1905. 

Surface  Friction  on  Cylinders. 

The  resistance  by  friction  on  the  outer  skin  of  the  cylinders 
was  very  small  when  sinking  through  the  coarse  sand  bed,  and 
in  some  cases  depths  of  30  feet  were  reached  with  no  load  at  all, 
the  weight  of  the  cylinder  (which  at  30  feet  would  be  7  tons) 
and  excavation  from  the  interior  by  the  grab  being  sufficient  to 
cause  descent.  Neglecting  altogether  the  first  15  feet,  and 
assuming  the  friction  to  be  all  caused  at  a  depth  of  from  15  to 
30  feet,  the  area  of  cylinder  exposed  to  frictional  resistance 
would  be  282  square  feet,  and  the  resistance  is  55  lb.  per  square 
foot. 

Upon  entering  the  bhick  clay  bed,  loading  had  always  to  be  put 
on  before  any  sinkage  could  be  induced.  In  sinking  pier  No.  2 
the  first  30  feet  was  coarse  sand,  and  the  frictional  resistance 
occurred  as  just  described.  When  the  cylinder  was  sunk  to  a 
depth  of  44  feet,  that  is  14  feet  into  the  clay,  a  load  of  67^  tons 
was  put  on  (including  the  weight  of  the  cylinder),  and  with  that 
l(jad  gelignite  charges  were  required  to  start  a  downward  move- 
ment. Taking  the  load  supported  by  friction  from  the  sand  at 
7  tons,  there  remains  60^  tons  supported  by  the  clay.  The  area 
exposed  to  the  clay  was  263  square  feet,  and  the  resistance 
works  out  at  515  lb.  per  square  foot.  In  the  same  cylinder,  when 
it  was  sunk  a  depth  of  53  feet,  that  is,  23  feet  into  tlie  clay  bed, 
the  load  put  on  was  96  tons.  Again,  allowing  7  tons  as  supported 
by  friction  from  the  sand,  there  remain  89  tons  supported  by 
the  area  of  432  square  feet  in  the  clay,  or  461  lb.  per  square 
foot. 

In  sinking  pier  No.  3,  when  the  cylinder  was  sunk  69  feet,  the 
load  placed  on  was  115  tons.  The  coarse  sand  bed  was  32  feet 
deep,  therefore  the  cylinder  was  sunk  37  feet  into  the  clay  bed. 
Allowing  55  lb.  per  square  inch  for  resistance  by  the  sand  at 
the  deptii  from  15  to  32  feet,  the  weight  supported  is  8  tons 
(nearly),  leaving  107  tons  supported  by  the  clay,  or  345  lb.  per 
square  foot.  In  all  the  foregoing  calculations  the  resistance 
encountered  by  the  cutting  edge  is  not  taken  into  consideration. 
With  the  exception  of  the  figures  given  for  the  frictional  resist- 
ance by  sand,  it  should  be  observed  that  in  each  of  the  other 
cases  gelignite  charges  were  required  to  start  the  descent  of  the 
cylinder,  and  the  actual  resistances  would  be  slightly  higher 
than  the  figures  given.  The  irregularities  in  the  resistances 
deduced    at   the   diflereut   depths    are   accounted    for    by    the 
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irregular  and  peculiar  formation  of  the  river  bed  previously- 
referred  to. 

For  guidance  in  sinking  cylinders  on  similar  works  the 
author  would  consider  the  frictional  resistance  by  coarse  sand 
at  from  50  to  60  lb.  per  square  foot  during  sinking  by  means  of 
excavation  from  the  interior,  and  by  the  alluvial  silty  clay  at 
from  350  to  500  lb.  per  square  foot.  In  cases  where  frictional 
resistance  is  to  be  relied  on  as  a  means  of  permanent  support  a 
much  higher  figure  could  be  taken  for  resistance  by  sand  at 
depths  greater  than  15  feet,  as  it  is  obvious  that  the  continual 
excavation  from  the  interior  destroys  to  a  very  great  extent  the 
resistance  to  the  descent  of  the  cylinder.  In  alluvial  strata 
similar  to  that  described,  the  author  would  not  allow  as  a  per- 
manent support  a  greater  resistance  than  from  150  to  200  lb. 
per  square  foot. 

CoNCEETE  Hearting  and  Completion  of  Piers. 

As  the  sinking  of  each  pier  was  completed,  the  steam  crane 
was  moved  forward  to  start  the  next  pier,  its  place  being  taken 
by  a  steam  winch  and  crane,  by  which  the  concrete  hearting  was 
put  into  the  cylinders.  Conci^ete  of  6  parts  broken  whinstone, 
IJ-inch  gauge,  3  parts  coarse  sand,  and  1  part  Portland  cement, 
was  deposited  by  means  of  boxes,  having  doors  in  the  bottom 
opening  automatically  when  the  box  touched  the  bottom  and 
the  winch  cable  was  slackened.  The  concrete  was  mixed  in  a 
Ransonje  drum  mixer,  driven  by  a  6  h.p.  oil-engine,  on  the  south 
Ijank  of  the  river,  loaded  into  the  l)oxes  and  run  on  trucks  along 
a  service  railway  to  the  cylinder.  Each  box  was  picked  up  by 
the  winch,  and  slowly  lowered  into  the  cylinder  until  the  top  of 
the  box  was  an  inch  or  two  above  the  water,  where  it  was  held 
until  all  the  air  had  bubbled  out  of  the  box,  which  was  then 
slowly  lowered  into  the  cylinder.  Upon  touching  the  bottom, 
the  box  was  gently  lifted  until  the  concrete  was  deposited,  then 
hauled  out,  and  returned  to  the  mixer.  About  25  to  30  feet  of 
0  feet  diameter  cylinder  v/as  concreted  in  a  day. 

The  concrete  was  brought  up  to  the  level  of  the  bottom  of 
the  reinforcing  metals ;  these  were  placed  and  concreted  in,  and 
tlie  4-feet  diameter  cylinders,  having  been  prepared  in  readiness, 
were  dropped  over  them  and  set  to  the  exact  position  and  level, 
and  the  concrete  brought  up  to  the  top  of  the  metals.  The 
bracing  was  all  riveted  togetlier  in  one  piece  previously  to 
Ijeing  required  and,  one  side  of  the  pier  being  erected,  the 
bracing  was  lifted  on  to  blocks  at  the  right  level,  and  fixed  to 
the  cylinder  with  drifts  and  bolts.  The  other  side  of  the  pier 
was  then  brought  up  to  the  bracing,  and  the  whole  riveted  up. 
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The  4-feet  diameter  cylinders  were  then  concreted  up  to  the 
top,  and  the  girder  bed  plates  set  to  their  proper  levels  on  the 
concrete. 

Test  Loads  on  Cylinders. 

Test  loads  were  applied  to  two  of"  the  cylinders  after  they 
had  been  tilled  witli  concrete,  and  before  the  upper  part  of  the 
pier  was  erected.  The  manner  of  carrying  out  the  test  at 
pier  No.  10  is  shown  in  Fig.  7,  Plate  II.  Concrete  hearting 
was  deposited  up  to  the  level  of  the  bottom  of  the  reinforcing 
metals,  and  upon  the  concrete  was  constructed  a  timber  staging 
to  the  top  of  the  cylinder,  and  standing  up  1  inch  to  allow  for 
compression.  At  the  first  cylinder  joint  above  water  level,  there 
was  bolted  on  a  length  prepared  with  brackets  and  girders 
similar  to  that  described  for  the  sinking.  The  loading  applied 
consisted  of  166  tons  of  railway  rails,  and  on  the  top  of  the  rails 
was  placed  a  cylinder  filled  with  sand,  the  total  load  being 
175  tons.  The  cylinder,  concrete,  etc.,  weighed  139  tons, 
making  up  a  total  load  of  314  tons  carried  by  the  cylinder, 
and  being  equal  to  the  maximum  load  which  can  be  brought  to 
bear  on  the  cylinder.  Loading  was  commenced  over  the  centre 
of  the  cylinder,  and  gradually  extended  until  the  width  shown 
in  the  illustration  was  reached.  Between  each  row  in  height  of 
rails  there  were  placed  9-inch  by  3-inch  timbers  to  facilitate 
removal  and  fastening  of  sling  chains.  The  loading  was  done 
by  a  steam  winch  and  crane,  and  was  commenced  at  12.30  p.m. 
on  May  19,  1905.  The  following  table  shows  the  progress  of 
loadincj  and  results  at  the  various  stages : — 


Ihite. 

Time. 

Load. 

Total 
Sinkage. 

Remarks. 

1905. 

Tons. 

Inches. 

May  li>  ..      .. 

12.30  p.m. 

Nil 

Nil 

Loadinj;  commenced. 

»»     »i    •• 

5  p.m. 

Of) 

Nil 

Work  suspended  for  the  night. 

„    20  ..      .. 

7  a.m. 

r)5 

i 

„     „    .. 

1  p.m. 

79 

i 

Saturday.     Work  suspended. 

„  21   ..      .. 

9  a.m. 

79 

§ 

Sunday.     No  work  done. 

„   22  .        .. 

7  a.m. 

79 

i 

Monday.     Work  resumed. 

ij     ?>   •  •      • • 

9.80  a.m. 

91 

8 

U  a.m. 

111 

i 

•>     )»   •  • 

12  noon 

127 

n 

»>         M       •• 

1  p.m 

146 

2 

M           »>       •  • 

2.45  p.m. 

158 

2| 

4.45  p.m. 

175 

2| 

Loading  compltttd. 

'.!   23  '.'.      '.'. 

7  a.m. 

175 

M         M       •• 

2  p.m. 

175 

3§ 

„   24  ..      .. 

7  a.m. 

175 

^ 

't     »i     • 

12  noon 

175 

3J 

July  15..      .. 

— 

Nil 

3J 

Check  level.     Loading  removed. 
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The  load  was  still  on  the  cylinder  when  the  flood  of  June  1, 
1905,  occurred,  and  the  load  stood  until  July  15,  when  check 
levels  showed  that  no  further  sinkage  had  taken  place,  and  the 
cylinder  was  considered  to  be  stable.  Neglecting  surface  friction, 
the  load  of  31-1  tons  would  exert  a  base  pressure  of  11  tons  per 
square  foot.  Allowing  for  surface  friction  at  150  lb.  per  square 
foot,  there  would  be  a  total  resistance  by  surface  friction  of 
91  tons  leaving  the  base  load  as  8  tons  per  square  foot. 

Pier  Xo.  12  on  the  Zululand  side  was  tested  in  a  similar 
manner.  The  depth  of  the  cylinder  was  73  feet  8  inches  and 
the  load  applied  was  150  tons.  The  weight  of  the  cylinder  and 
concrete  was  122  tons,  making  tlie  total  load  carried  272  tons. 
During  the  placing  of  the  load  there  was  only  a  very  minute 
settlement.  Loading  was  completed  at  12  noon  on  March  10, 
1905,  and  at  6  p.m.  the  sinkage  was  f  inch.  At  7  a.m.  on  the 
following  morning  a  further  ^^g  inch  sinkage  had  taken  place, 
making  ■}§  inch.  The  load  remained  on  for  3  days  and  no 
further  settlement  took  place.  Neglecting  surface  friction,  the 
base  load  was  9  J  tons  per  square  foot.  Allowing  for  surface 
frictional  resistance  at  150  lb.  per  square  foot,  and  neglecting 
the  first  15  feet  in  depth,  the  total  load  supported  by  friction 
works  out  at  74  tons,  leaving  the  load  on  the  base  at  235  tons, 
or  7  tons  per  square  foot. 

SUPERSTRUCTUEE. 

A  cross  section  of  the  superstructure  is  shown  at  Fig.  9, 
Plate  III.  The  net  length  of  main  girders  is  77  feet  2J  inches, 
an  expansion  'space  of  IJ  inch  being  provided  over  each  pier. 
The  bed-plates  are  fixed  on  the  concrete  hearting  by  lewis  bolts 
set  in  the  concrete.  One  end  of  eacli  span  is  bolted  down  to  the 
bed-plates,  the  other  end  being  free.  The  main  girders  were 
sent  out  in  three  lengths.  An  erecting  stage  on  piles  was  con- 
structed on  the  side  of  each  span,  and  the  main  girders  erected 
thereon  by  means  of  a  steam  travelling  crane  erected  on  the 
d(Avn  stream  side  and  standing  at  the  centre  of  the  span.  The 
crane  jib  was  60  feet  long,  and  could  reach  all  over  the  span. 
No  difficulties  presented  themselves  in  this  portion  of  the  work. 
A  complete  span  weighs  70  tons,  and  about  12  days  were  taken 
to  erect  and  bolt  up  a  span  ready  for  riveting.  All  the  riveting 
was  done  by  pneumatic  power  under  a  pressure  of  100  lb.  per 
square  inch,  and  5  hammers  occupied  about  14  days  per  span. 

Ujxjn  the  completion  of  the  corrugated  decking  the  whole 
floor  was  tarred.  The  troughs  were  then  filled  with  broken 
stone  and  run  in  with  hot  liquid  asphalt  composed  of  coal  tar 
pitch,  anthracene  oil,  and  sand.     After  the  troughs  were  filled 
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up,  a  coating  of  blue  whinstoue,  5  inches  thick  at  the  centre  and 
cambered  to  3  inches  thick  at  the  curb-plates,  was  laid  down 
and  also  run  with  asphalt,  and  then  steam-rolled  with  a  12-ton 
roller.  Upon  the  asphalted  stone  was  laid  the  macadamised 
roadway  of  blue  whinstone,  4  inches  thick  at  the  centre  and 
3  inches  thick  at  the  sides,  and  steam  rolled,  blinded,  watered, 
and  again  rolled  and  finished  to  a  smooth  surface,  blue  whinstone 
drippings  being  sprinkled  on  after  the  final  rolling.  The  surface 
water  drainage  is  carried  off  by  outlets  and  piping  from  the  curb 
plates ;  and  the  asphalted  stone  prevents  percolation  of  water  to 
the  steelwork  below. 

The  bridge  footways  are  carried  on  brackets  riveted  to  the 
main  girdeis,  and  are  composed  of  9-incli  by  3-inch  creosoted 
deal  planks  carried  on  and  spiked  down  to  6-inch  by  4-inch 
pitch  pine  cross  bearers  bolted  to  the  top  flanges  of  brackets. 
In  addition  to  the  tube  fencing,  the  outsides  of  each  footway 
are  protected  by  Cyclone  wire  fencing. 

The  embankments  for  approach  roads  are  40  feet  wide,  and 
are  made  of  strippings  from  an  adjoining  quarry.  The  approach 
roads  are  35  feet  between  the  fences,  and  are  macadamised. 
The  embankment  on  the  Zululand  side  extends  round  the  front 
of  the  cylinder  abutment,  and  is  protected  by  dry  masonry 
pitching,  15  inches  thick. 

Flood. 

On  the  night  of  May  31,  1905,  there  was  an  extraordinary 
storm  ;  the  rainfall  in  Durl)an  was  10 J  inches  in  15  hours,  and 
at  Pinetown,  situate  on  tlie  Palmeit  spiuit,  which  is  a  tributary 
of  the  Umgeni  river,  in  the  same  period  15  inclies  fell.  The 
Umgeui  river  rose  14  feet  1  inch,  being  at  its  height  at  9  a.m. 
on  June  1,  and  washed  away  the  old  low-level  timber  bridge. 
The  new  bridge  was  then  erected  as  far  as  pier  No.  5,  and  no  part 
of  the  structuie  suffered  any  dama-^e.  Span  5  was  erected  on 
staging  and  hjlted  u[)  leady  for  riveting;  the  erection  stage 
was  completely  wjished  away,  and  the  girders  stttled  down 
until  there  was  no  camber.  The  span  was,  however,  easily 
jacked  up  again  to  correct  level.  All  the  contractors'  staging 
and  machinery  at  pier  No.  0  were  washed  jiway  and  deposited 
on  an  adjacent  island,  all  mixed  up  with  old  bridge  timbers 
and  deljris  of  all  descriptions.  A  large  (quantity  of  timber  was 
carried  down  to  the  Indi m  Ocean.  Some  of  the  cylinders  lying 
on  an  island  were  rolled  away  down  the  river,  and  much  other 
material  was  buried  in  the  sand  and  debris.  Pier  No.  6  was  at 
that  time  in  course  of  sinking,  and  a  part  of  the  old  bridge  was 
washed  up  against  it,  and  knocked  the  upper  18  feet  right  oft' 
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by  ripping  the  bolts  out  of  the  connecting  angles.     The  flood 
caused  a  delay  of  2  months  in  the  execution  of  the  works. 

As  soon  as  the  flood  subsided  the  P.W.D.  commenced  the 
erection  of  a  temporary  bridge  to  carry  traffic  until  the  com- 
pletion of  the  Connaught  Bridge.  The  district  engineer, 
Mr.  Arthur  Head,  assisted  by  the  author,  took  charge  of  the 
work,  and  within  10  days  a  bridge  some  500  feet  long  was 
available  for  traffic.  As  the  temporary  structure  was  not 
required  for  more  than  6  months,  it  was  of  a  somewhat  rough 
and  ready  nature.  On  the  sites  of  the  trestles  of  the  old  bridge 
rough  piers  of  stone  were  built  to  carry  cross  sleepers  of  (Oregon 
pine  12  inches  by  12  inches,  and  the  spans  were  bridged  with 
35-feet  baulks  of  Oregon  pine  12  inches  by  12  inches,  seven 
baulks  to  a  span.  The  baulks  were  decked  over  with  9 -inch  by 
3-inch  deals,  and  a  macadam  roadway  19  feet  wide  was  made, 
with  fences  on  each  side.  Where  spans  were  too  long  for 
35-feet  timbers,  new  piers  were  put  in,  constructed  of  railway 
rail  piles  and  9-inch  by  3-inch  deal  casing,  inside  which  was 
packed  the  stone  to  carry  the  sleepers.  In  all,  seventeen  new 
spans  were  constructed,  and  the  damaged  spans  at  each  end 
repaired  and  joined  into  the  new  work. 

Spotting  out  Works,  Levels,  etc. 

A  few  notes  on  the  methods  adopted  in  setting  out  works, 
giving  working  levels,  etc.,  may  be  of  interest. 

AVhen  the  author  took  charge,  he  found  centre  line  pegs, 
formed  of  railway  rails  set  in  concrete,  on  each  bank  of  the 
river,  which  had  been  put  in  when  the  site  was  fixed,  some  time 
previously,  and  also  bench  marks,  on  each  side  of  the  river. 
These  had  been  established  by  the  surveyor  of  the  site.  As  the 
centre  line  pegs  were  within  the  area  of  the  works,  the  first 
thing  done  was  to  establish  centre  line  points  on  the  hillsides, 
on  each  bank  of  the  river,  at  a  considerable  elevation,  so  as  to 
be  clear  of  any  obstruction  then  existing,  and  in  order  to  have 
an  absolutely  immovable  and  permanent  centre  point,  for  sight- 
ing to  or  from  at  each  end  of  the  bridge.  The  face  line  of  the 
Durban  end  abutment  was  laid  off  and  pegged.  The  bench 
marks  were  carefully  checked,  prior  to  doing  any  work  from 
them.  When  the  contractors'  staging  and  plant  were  in  posi- 
tion and  working  order,  it  was  found  that  the  exact  centre  line 
was  often  blocked,  either  by  a  crane  or  boiler,  so  a  line,  parallel 
to  the  centre  line,  and  4  feet  at  one  side  of  it,  was  set  out,  and 
practically  all  the  longitudinal  measurements  were  made  on 
this  line. 

As  work  commenced  at  both  ends,  some  special  care  had  to 
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be  taken  in  measurinoj  off  the  total  span  of  the  bridire,  and  this 
was  done  by  putting  down  a  peg  at  the  transverse  centre  line  of 
each  pier,  and  such  intermediate  pegs  as  the  levels  of  the 
ground,  or  water,  necessitated.  Measurements  were  taken  witli 
a  steel  tape,  from  peg  to  peg,  all  across  the  river,  and  cliecked, 
and  re-checked.  When  tlie  closing  span  came  to  be  cliecked 
before  erection,  it  was  found  to  be  a  slight  fraction  of  an  inch 
short,  and  was  easily  adjusted  in  the  expansion  space. 

In  setting  out  the  piers,  pegs  were  put  in  on  the  longitudinal 
line  (known  as  the  "  four  feet  line  "),  about  20  feet  north  and 
south  of  the  cylinders,  so  that  a  string  line  could  always  be  run 
across,  and  another  pair  of  pegs  east  and  west  on  the  transverse 
centre  line.  During  sinking  operations,  another  transverse  line, 
3  feet  3  inches  north  of  the  transverse  centre  line,  was  set  off, 
and  a  string  kept  stretched  across,  so  that  any  departure  from 
correct  position  was  at  once  detected  and  corrected.  By  making 
the  dimension  3  feet  3  inclies,  the  face  of  a  6-feet  diameter 
cylinder  had  always  to  be  3  inches  soutli  of  the  string  line. 
Constant  check  measurements  were  made  from  completed  piers 
to  those  in  progress,  and  after  any  small  rise  in  the  river,  pegs 
were  checked  and  verified.  The  main  and  permanent  pegs  were 
set  in  concrete.  In  the  water,  railway  rails  were  driven  down, 
and  a  punch  mark  put  in  the  top.  After  tlie  flood  of  June  1, 
1905,  all  the  cylinder  pegs  had  to  be  reset  out,  as  the  river  bed 
was  entirely  changed  at  that  time,  many  pegs  being  either  torn 
out,  or  completely  buried. 

The  levels  were  easily  taken  from  the  bench  marks,  and  set 
up  wherever  necessary.  After  each  cylinder  was  founded  and 
ap])roved,  the  level  of  the  ring  joint  nearest  the  water  level 
was  taken,  and  the  depth  of  telescoping  worked  out  and 
adjusted  to  meet  each  separate  case  The  level  of  the  cap 
angle,  at  the  top  of  the  4-feet  diameter  top  cylinder,  was  taken 
after  the  cylinder  had  been  concreted,  and  the  bedplate  level 
set  up  whatever  it  nught  be  above  the  cap  angle. 

The  whole  of  the  steelwork  of  the  bridge  was  made  by 
Messrs.  Westwood  and  Co.,  of  London,  from  the  design  of 
Mr.  H.  G.  Humby,  M.Inst.C.E.,  the  Consulting  Engineer  to  the 
Natal  Government.  The  cost  of  the  steelwork  landed  at  Dur- 
ban was  18,600/.,  and  the  total  cost  of  the  bridge,  including 
land,  compen.sations,  surveys,  etc.,  was  52,000/. 

The  bridge  was  erected  for  the  Public  Works  Department, 
under  contract,  by  Messrs.  Smullins  Bros,  and  Mansel,  con- 
tractors, of  Johannesburg  and  Durban.  The  amount  of  their 
contract,  including  abutments,  earthworks,  ap])roach  roads,  and 
all  incidental  works,  was  30,000/.  Every  credit  is  due  to  the 
contractors  for  the  manner  iu  which  the  erection  was  carried 
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out,  and  for  the  earnest  and  satisfactory  way  in  which  they 
grappled  with  the  difficulties  caused  by  the  disastrous  flood  in 
June  1905.  The  period  occupied  in  erection  was  twenty-two 
months,  namely,  from  March  1904  to  January  1906. 

In  conclusion,  the  author  desires  to  express  his  thanks  to 
the  Chief  Engineer,  P.W.D.,  Mr.  J.  F.  E.  Barnes,  C.M.G., 
M.Inst.CE.,  for  his  permission  to  prepare  this  paper,  and  espe- 
cially to  Mr.  Arthur  Head,  District  Engineer,  Durban,  for  much 
valuable  advice  and  assistance  in  the  carrying  out  of  the 
author's  duties  on  the  works. 


DISCUSSION. 

The  Chairman  invited  the  meeting  to  pass  a  vote  of  thanks 
to  Mr.  Stead  for  his  interesting  paper  ;  it  was  good  of  him  to 
come  from  Natal  and  place  his  valuable  experience  before  the 
Society.  It  was  interesting  to  compare  the  way  in  which  the 
upper  and  smaller  portions  of  the  pier  cylinders  were  connected 
with  the  lower,  with  the  way  in  which  a  somewhat  similar  pro- 
cess was  carried  out  some  forty  or  fifty  years  ago  at  Charing 
Cross  bridge.  The  latter  bridge  had  14-feet  diameter  cylinders 
below  water-level,  and  10-feet  diameter  cylinders  above.  They 
were  joined  together  with  conical  portions  such  as  the  author 
had  shown  in  his  illustrations.  But  there  was  a  very  consider- 
able contrast  between  the  two  cases.  In  the  Charing  Cross 
bridge,  the  cylinders  consisted  of  castings  of  considerable  thick- 
ness, in  which,  he  believed,  six  segments  went  to  the  circle ;  and 
the  conical  portion  of  that  was  a  difficult  job,  involving  the 
making  and  joining  up  of  peculiar  taper  portions  which  connected 
the  14-feet  diameter  with  the  10-feet  diameter.  In  the  present 
case  the  work  consisted  of  a  thin  steel  covering  which  would  be 
easier  to  make  and  to  join  up ;  yet  it  seemed  to  him  that  the 
author  was  well  advised  in  trying  to  get  rid  of  that  difficulty  in 
the  way  that  he  had  described  in  the  paper.  There  were  many 
points  which,  he  thought,  would  come  out  in  the  discussion. 
Without  saying  more,  he  would  ask  the  meeting  to  join  in  a  very 
hearty  vote  of  thanks  to  Mr.  Stead. 

The  vote  of  thanks  was  carried  by  acclamation. 

Mr.  W.  H.  HoLTTUM  said  that  the  paper  was  of  a  kind 
which  the  Society  was  always  very  pleased  to  have,  because  it 
was  a  record  of  facts.  The  pa]jer  related  to  work  that  had  been 
constructed,  and  not  to  work  whicli  it  was  proposed  to  construct, 
and  about  which  engineers  could  have  indulged  considerably  in 
their  own  theories.  The  work  had  been  carried  out  most 
ingeniously.     Some  difficulties  had  occurred,  and  had  been  over- 
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come,  but  they  had  been  so  well  prepared  for  that  taking  the 
paper  as  a  whole,  he  felt  there  was  little  left  for  discussion. 
There  was,  liowever,  much  to  be  learned  from  the  work  described 
in  it. 

He  noticed  that  the  cylinders  went  to  a  great  depth  and  had 
their  foundations  in  white  sand  and  in  gravel ;  althougli  there 
had  been  some  hope  that  they  would  be  coming  on  to  clay  satis- 
factorily at  little  more  than  half  their  present  depth.  At  home, 
and  in  London  especially,  solid  London  blue  clay  was  appreciated 
for  foundations  ;  but  discrimination  was  often  wanting,  durino- 
trial  borings,  in  judging  the  nature  of  the  clayey  samples  so 
obtained.  In  the  river  Thames,  there  had  been  vast  excavations 
made  for  docks  and  other  works,  wrongly  estimated  for,  upon 
such  errors.  Alluvial  clayey  silt,  with  traces  of  reeds,  in  place 
of  solid  clay  had  been  discovered,  which  were  no  use  at  all  for 
a  foundation.  The  geological  formation  as  described  by  the 
author,  was  within  the  large  river  bed  of  the  Umgeni,  and  it  was 
depth  that  the  engineers  relied  upon  for  a  foundation,  also  to  the 
firmness  of  the  sand,  and  to  the  surface  friction  on  the  cylinders. 

There  was  a  reference  to  concreting  through  a  bell-mouthed 
shoot.  Presumably  that  was  very  neatly  performed  ;  but  why 
was  the  concrete  left  until  it  was  in  a  somi-plastic  state  on 
the  platform  ?  He  would  like  to  know  how  long  the  concrete 
was  left  in  that  state,  and  whether  the  cement  concrete  used  was 
like  that  in  P^ngland  which  having  once  begun  to  set,  was  very 
much  deteriorated  if  left  for  any  length  of  time,  and  then  furtlier 
disturbed. 

As  to  the  use  of  explosiv^es  in  the  cylinders,  he  desired  more 
detailed  information.  It  would  add  to  the  value  of  the  paper 
if  particulars  were  given  as  to  what  charge  was  used  in  the 
bottom  of  the  cylinders,  and  in  what  manner  it  was  placed  there. 
It  was  more  or  less  alluvial  silt  that  the  cylinders  were  going 
through.  He  should  also  like  to  know  whether  the  explosion 
caused  general,  inside  and  outside,  disturbance  of  the  silt  or  mud. 
The  data  as  to  the  sinking  of  the  cylinders  was  most  valuable  to 
the  Society.  He  thought  that  it  might  become  a  standard 
practical  reference  for  such  purposes  to  members  engaged  in 
cylinder  sinking. 

With  regard  to  the  superstructure,  no  difficulties  were  en- 
countered, and  he  had  no  criticisms  to  offer.  It  was  some  time 
since  he  had  had  anything  to  do  with  bridges  of  similar  con- 
struction, althougli  his  earlier  experiences  had  been  in  that 
direction.  He  would  ask  the  author  what  governed  the  adoption 
of  a  width  of  22  feet  for  the  carriage  way  ?  Was  it  a  detinite 
necessity  due  to  the  nature  of  the  local  traffic  in  Natal  ? 

He  very  much  admired  the  aptitude  of  the  author,  and  the 
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district  engineer,  in  the  erection  of  the  temporary  bridge.  He 
tlianked  the  author  for  his  valuable  paper,  and  for  the  interesting 
description  which  he  had  given  of  the  setting  out  of  the  work. 

Mr.  John  Blackbouen  said  that  he  had  had,  for  a  long 
period,  a  pretty  good  experience  in  all  kinds  of  practical 
engineering  in  the  Colonies,  and  he  must  say  that  he  thought 
that  the  Society  was  indebted  to  the  author  for  a  valuable, 
practical  paper.  He — the  speaker — was  very  much  interested 
in  that  part  relating  to  the  setting  out  and  the  testing  of  the 
work.  He  w^ould  ask  the  author,  what  cement  was  used  ? 
Speaking  as  a  colonial  engineer  "  Portland  cement  "  was  a  very 
vague  term.  It  might  be  English  Portland  or  German  Portland, 
or  anything  else. 

As  to  the  temporary  bridge,  of  course,  that  looked  like  smart 
work—  ten  days  and  500  feet  of  bridge.  He  supposed  that  there 
was  not  the  trouble  with  labourers  that  he  had  had  in  Australia, 
and  he  supposed  that  the  author  had  no  difficulty  in  getting 
plenty  of  lal)our.  Of  course,  if  they  put  on  a  very  large  number 
of  men,  they  could  do  the  work  very  quickly,  and  especially 
where  the  officials  evidently  knew  what  they  were  doing,  and 
material  was  available.  Very  often  a  man  who  had  successfully 
carried  out  work  at  home  in  England,  might  be  totally  unfit  for 
carrying  out  work  in  the  Colonies,  the  conditions  being  so 
different.  The  engineer  had  to  accommodate  himself  very  often 
to  the  material,  and  the  lal)Our  on  the  ground,  and  that  was 
sometimes  a  very  difficult  matter. 

Mr.  H.  G.  HuMBY  said  that  it  afforded  him  very  great 
pleasure  to  meet  Mr.  Stead  and  listen  to  such  a  valuable  paper, 
especially  as  Mr.  Stead  was  a  nominee  of  his  own,  three  years 
ago  when  he  joined  the  Natal  Government  staff. 

In  dealing  with  the  subject  of  the  paper,  he  regretted  that 
he  had  to  start  l)y  differing  from  the  author  in  several  of  his 
remarks.  He  (Mr.  Humby),  as  the  author  had  told  them,  was 
responsible  for  the  design  of  the  bridge,  and  he  had  never  yet 
been  able  to  understand  why  a  departure  was  made  from  the 
conical  pieces  connecting  the  4-feet  diameter  top  length  of 
cylinder  with  the  6-feet  diameter  bottom  length.  When  the 
data  on  which  he  was  to  work  out  the  details  of  the  bridge  were 
given  to  him,  they  were  of  a  very  scant  nature.  Certain  normal 
winter  levels  were  given  to  him.  Those  meant  low  water  levels 
in  rivers  which  were  practically  dry  in  the  winter  season,  and 
in  flood  during  the  summer.  He  worked  to  tliat  normal  level 
as  what  engineers  would  take  in  England,  or  in  ordinary  English 
practice,  as  low  water  mark  corresponding  to  low  water  spring 
tide  ;  and  he  arranged  that  the  top  of  the  bottom  cylinder  should 
be.  at  least,  12  inches  above  that  level,  so  that  there  should  be 
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no  difficulty  whatever  in  connecting  the  conical  piece  with  the 
six  feet  diameter  cylinder.  They  were  told,  however — and  that 
was  the  subject  of  a  good  deal  of  correspondence  between  him- 
self and  the  government  at  the  time — that  there  was  some 
difficulty  in  sinking  the  6-foot  cylinders  to  the  required  level. 
He  failed  to  understand  even  now  why  that  should  have  been 
so.  He  could  quite  understand  that  they  could  not  sink  to  an 
inch  or  half  an  inch,  or  even  three  inches,  though,  in  strata  such 
as  those  penetrated  by  the  cylinders  they  had  been  sunk,  he 
believed,  to  within  three  inches.  And,  moveover,  compensating 
lengths  were  sent  out  so  as  to  give  an  adjustable  height  to  within 
twelve  inches.  He  thought  that  if  the  department  had  taken 
the  trouble  to  cable  home  about  six  weeks  beforehand,  they 
should  require  half  a  dozen  more  12-inch  compensating  lengths, 
or  two-foot  compensating  lengths,  it  would  have  been  very  easy 
to  send  them  out  in  from  two  to  three  weeks  from  the  receipt  of 
the  cable,  and  they  would  have  been  on  the  site  before  they 
were  actually  required. 

But,  apart  from  that,  there  was  further  compensation  allowed 
for,  in  that  the  cylinders,  which  were  of  |-inch  steel  plates  filled 
with  concrete  to  within  six  inches  of  the  top,  had  a  bedstone 
resting  on  the  concrete,  and  whatever  final  adjusting  height  was 
requii-ed  could  have  been  given  by  bedding  the  stone  to  the 
exact  level. 

He  had  had  considerable  experience  in  sinking  cylinder 
foundations,  and  the  use  of  explosives  for  that  purpose  seemed 
to  him  to  be  extremely  dangerous.  He  had  always  opposed 
it,  and  the  only  occasion  on  which  it  was  done  was  whilst 
he  was  away  from  the  works,  and  contrary  to  his  instruc- 
tions. In  that  case  only  a  small  charge  of  dynamite  was  used. 
It  was  placed  in  about  a  twelve  foot  depth  of  water  and  the 
pressure  Ijrought  on  to  the  side  of  the  cylinder  was  sufficient  to 
rip  up  the  whole  of  one  joint,  by  carrying  away  the  heads  of  all 
the  l)()lts  down  that  vertical  joint,  as  might  have  been  expected. 
Tliey  had  not  beard  that  there  was  an  accident  in  the  case 
mentioned  by  the  author,  and  it  appeared  that  there  was  none, 
at  the  same  time,  they  did  not  know  the  condition  of  the  bottom 
lengths  of  the  cylinders  ;  but  even  if  they  were  not  seriously 
damaged,  the  employment  of  explosives  in  sinking  cylinders 
was  a  practice  which  he  would  not  recommend. 

He  could  not  say  why  this  length  of  span  was  adopted,  be- 
yond that  it  was  in  accordance  with  the  order  which  came  from 
the  Colony  by  cable,  asking  for  a  bridge,  a  thousand  feet  long 
with  so  many  spans ;  and  that  order  was  worked  to  as  nearly  as 
possible.  If  he  had  had  a  perfectly  free  hand,  the  bridge  would 
have  had  100-foot  or  120-foot  spans  and  not  77-foot  spans,  and 
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he  would  have  had  8-foot  cylinders,  that  being  in  liis  opinion 
the  most  useful  size,  or  he  might  say,  the  best  standard  size  for 
colonial  bridgework.  He  had  had  a  large  experience  both  of 
railway  bridge  and  road  bridge  construction  in  the  Colonies,  and 
he  was  perfectly  satisfied  that  there  was  no  more  economical 
span  for  either  road  or  railway  bridges  than  a  span  of  from  100 
to  120  feet.  Whether  it  was  a  Warren  girder,  or  an  N -trussed 
girder  did  not  matter. 

It  was  not  apparent  to  him  why  the  north  abutment  or  the 
abutment  nearest  to  Durban  was  built  of  masonry.  He  thought 
that  economy  would  have  been  attained  by  sinking  cylinders  in 
the  same  way  as  was  done  for  the  other  piers  and  by  surrounding 
them  either  with  dry  pitching,  or  masonry,  or  better  still  with  a 
dwarf  wall  of  concrete  surrounding  the  foot  of  the  embankment. 
All  that  expensive  piling  and  pumping  would  have  been  dis- 
pensed with,  against  which  the  cost  of  sinking  the  cylinders 
would  have  been  much  less. 

He  had  had  some  experience  of  South  African  rivers,  and 
his  opinion  was  that  it  was  not  absolutely  necessary  to  have 
sunk  the  cylinders  to  the  depth  mentioned  in  the  paper.  In 
the  case  of  the  railway  bridge,  one  on  screw  piles  and 
situated  only  about  150  to  200  yards  above  the  Connaught 
bridge,  the  screw  blades  of  the  columns  were  about  4  feet  in 
diameter,  and  they  were  screwed  down  on  an  average  only  from 

35  to  40  feet,  and  yet  the  bridge  had  been  standing  for  over 
twenty  years  carrying  the  heaviest  trains  without  any  apparent 
sinkage.  He  thought  that  too  much  attention  had  been  given  to 
the  sinking  of  the  trial  column  in  the  cylinder  which  the  author 
referred  to.  He  did  not  think  that  that  was  the  correct  way  of 
testing  the  foundation.  If  they  had  a  small  column  within  a 
cylinder  and  weighted  it,  it  might  be  expected  that  the  column 
would  sink  by  displacing  the  material  which  had  been  more  or 
less  stirred  up  in  the  sinking  of  the  cylinder ;  and  to  base  their 
data  on  that  was,  he  thought,  wrong  altogether. 

It  had  been  asked  why  the  22  feet  width  of  roadway  was 
adopted.  The  reason  was  that  the  Ijridge  connected  up  several 
sugar  plantations  and  mills,  and  the  loaded  mule  carts  convey- 
ing the  sugar  cane  from  one  side  of  the  river  to  the  other,  very 
often  had  an  overhanging  load  of  as  much  as  10  or  12  feet :  and 
in  order  that  the  ordinary  bullock-waggon  trafftc  which  was 
characteristic  of  that  part  in  the  country  should  be  able  to  pass 
at  the  same  time,  it  was  decided  to  adopt  22  feet.  He  thought 
it  advisable  also  to  adapt  a  kerb  which  would  keep  the  waggons 
off  the  girder  work  ;  that  was  the  meaning  of  the  peculiar  kerb 
on  each  side  of  the  roadway,  and  he  believed  it  had  been  found 
very  effective.     It  was  a  method  which  had  been  adopted  on 
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many  bridges  in  India,  and  he  had  also  adopted  it  on  other 
bridges  in  South  Africa  with  useful  effect. 

^Ir.  Max  am  Ende  said  that,  with  regard  to  the  most 
economical  length  of  span  there  was  a  rule  that  the  cost  of  the 
superstructure  and  the  cost  of  the  pier  should  be  tlie  same. 
The  cost  of  the  pier  per  unit  of  length  was  represented  by  a 
curve  falling  with  increasing  length  of  span,  and  the  cost  per 
unit  of  length  of  the  superstructure  was  a  rising  curve.  Where 
both  curves  intersected  each  other,  there  was  the  most  econo- 
mical span. 

The  most  interesting  point  in  the  paper,  to  his  mind,  was 
the  observation  on  the  friction  between  the  skin  of  the  cylinders 
and  the  soil  penetrated  by  them.  Unusual  prominence  was 
given  to  this  point  by  the  author,  but  it  seemed  to  him— the 
speaker — that  the  results  found  for  the  friction  in  the  various 
strata,  such  as  clay  and  sand  were  insufficient  for  setting  up 
general  data  to  be  used  in  the  design  of  a  new  bridge.  It  was 
not  usual  to  rely  on  the  friction  for  permanent  resistance  unless 
it  was  established  by  tests  in  each  particular  case.  For  clay  a 
very  high  resistance  had  been  recorded  in  the  paper,  but  much 
depended  on  the  exact  nature  of  the  clay,  and  he  had  reason  to 
believe  that  in  the  sinking  of  the  cylinders  of  the  Albert  Bridge 
over  the  Thames  at  Chelsea,  the  Loudon  clay  offered  next  to  no 
frictional  resistance.  In  that  case,  however,  the  cutting  edge 
of  the  cylinder  projected  about  an  inch  outward,  and  that  pro- 
bably had  a  considerable  influence  on  the  reduction  of  the 
friction, 

Mr.  Druitt  Halpix  said  that,  the  author  had  referred  to 
the  data  on  which  the  engineers  started  to  get  their  maximum 
flood  levels,  and  he  said,  "  The  highest  known  flood  level,  that 
of  1856,  is  27*10  feet  above  sea  level  datum."  Of  course,  that 
was  the  highest  flood  known,  because  in  the  new  colony  every- 
thing was  dated  from  the  flood.  It  was  either  before  the  flood 
or  after  the  flood.  That  was  time  datum  to  which  everything 
was  referred. 

In  the  general  description  the  lengths  of  the  girders  were  given 
at  the  abutments  as  74  feet  8  inches,  and  the  others  were  77  feet 
4  inches.  He  could  not  understand  why  that  was,  it  seemed  to 
him  to  be  just  about  enough  difference  in  length  to  throw  the 
templets  out,  and  to  make  the  manufacture  very  awkward. 

With  regard  to  the  way  in  which  the  taper  pieces  of  the 
cylinders  were  made  up,  he  certainly  could  not  see  any  objec- 
tion to  it.  One  great  objection  which  obviously  existed  to  the 
taper  pieces  was  the  fact  of  not  getting  them  properly  packed 
with  concrete  in  the  haunches  ;  and,  if  they  did  not  get  that, 
they  would  be  in  a  very  bad  way.     He  certainly  thought  that 
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with  the  class  of  labour  the  engineers  were  dealing  with,  the 
stopping  short  with  the  large  cylinder  and  starting  de  novo  with 
the  small  cylinder,  where  everything  was  level  was  a  very  good 
plan.  The  only  thing  to  his  mind  open  to  comment,  was  the 
depth  to  which  they  had  gone.  The  smaller  cylinders  had  only 
been  entered  two  feet  inside  the  larger  ones.  He  thought  that 
a  greater  depth  would  be  very  desirable,  as  there  were  lateral 
stresses. 

Eegarding  the  use  of  explosives,  he  certainly  thought  that 
explosives  should  be  used  with  the  very  greatest  caution  and 
the  greatest  delicacy.  Engineers  did  not  know  what  they  were 
doing  when  they  used  explosives  under  the  conditions  referred 
to,  and  the  damage  that  was  done  might  not  be  found  out  until 
it  was  too  late.  To  use  explosives  under  such  circumstances 
was  a  thing  he  should  never  dream  of  doing.  He  had  to  con- 
sider the  case  once  very  seriously  in  connection  with  an  artesian 
well,  and  he  was  afraid  to  take  the  risk. 

Mr.  Blackbourn  had  referred  to  labour  conditions.  Forty 
or  forty-five  years  ago  labour  conditions  were  very  simple,  as 
far  as  ordinary  labour  was  concerned.  As  soon  as  the  colonial 
engineer  knew  how  much  he  had  to  spend,  he  wrote  or  sent  a 
circular  to  everyone  who  was  in  charge  of  works  to  ask  how 
many  men  each  one  wanted  for  the  work,  and,  naturally,  no 
one  stinted  himself,  because  he  could  have  as  much  labour  as 
he  liked,  and,  if  he  did  not  take  the  full  number  of  men  applied 
for,  it  did  not  matter.  The  engineer  got  an  order  from  the 
Secretary  for  colonial  affairs,  and  the  orders  were  sent  to  the 
Resident  Magistrates,  who  sent  orders  to  the  various  local 
native  chiefs — instructing  them  to  find  a  thousand  men,  or  six 
hundred  men,  or  two  hundred  men — and  so  on,  and  then  the 
men  were  sent  to  whoever  was  in  charge  of  the  work.  You 
simply  gave  notice  three  or  four  days  before,  and  the  men  duly 
appeared,  and  there  was  no  trouble.  If  there  was  any  trouble, 
or  if  the  men  did  anything  wrong,  it  did  not  trouble  the 
engineer.  He  simply  wrote  to  the  resident  magistrate,  and  the 
magistrate  notified  the  native  police,  who  took  it  in  hand  with 
the  native  chiefs.  The  labourers  worked  for  ten  shillings  a 
month  all  the  year  round,  and  they  got  three  pounds  of  Indian 
corn  a  day,  as  well  as  three  pounds  of  beef  a  month.  The 
arrangements  in  connection  v/ith  all  labour  were  very  simple. 

Mr.  11  I.  Grove  asked  how  the  boulders  were  dealt  with, 
if  they  were  found  under  the  edge  of  the  cylinder.  Was  gelig- 
nite used  to  clear  them  ? 

Mr.  F.  G.  Bloyd  said  that  reference  had  already  been 
made  to  the  kerb  plate  roadway,  and  the  first  thing  that  struck 
him  when  he  saw  the  general  design  of  the  bridge  and  the  cross 


THE   CONNAUGHT  BRIDGE,  NATAL.  37 

section  (Fig.  9)  was  the  shape  of  that  plate.  Mr.  Humby  said 
that  kerb  plates  of  that  form  were  extensively  used  in  India 
and  in  Africa.  He  must  confess,  however,  that  he  had  never  seen 
one  of  them  in  English  practice.  He  had  been  dealing  that  day 
with  a  bridge  carrying  a  road  over  a  railway,  where  the  metal- 
ling was  taken  right  up  to  the  inside  face  of  the  webs  of  the 
main  girders.  In  such  cases  when  the  web  was  repaii'ed,  it  was 
a  most  difficult  matter  to  get  at  the  lower  part  of  the  web  or  the 
lower  inside  ans^le  irons.  The  whole  of  the  metalline:  w^ould 
have  to  be  first  removed  from  the  sides  of  the  bridc^e.  In  the 
kerb  plate  shown  in  the  drawings,  a  great  improvement  had,  he 
thought,  been  effected.  The  water  from  the  roadway  was  taken 
down  a  small  pipe  as  seen  in  the  plan,  clear  of  tlie  gu'der  work 
altogether,  and  the  space  inside  the  kerb  plate  would  be  very 
useful  if  gas  or  water  pipes  or  cables  were  ever  required  to  be 
laid  over  the  bridge,  although  he  did  not  suppose  that  it  would 
be  necessary  to  take  pipes  over  that  bridge.  It  would  be  seen 
that  the  footway  was  built  up  on  cantilever  brackets.  To  his 
mind  the  footway  did  not  seem  of  the  same  permanent  cliaracter 
as  the  rest  of  the  bridge.  Perliaps,  the  author  would  tell  them 
that  the  cost  of  some  better  description  of  timber  than  ordinary 
creosoted  deal  planks  was  prohibitive  in  South  Africa.  But  he 
(Mr.  Bloyd)  thought,  that  Jarrah  timber,  or  one  of  the  other 
hard-wood  timbers  might  have  been  employed,  and  that  there 
would  have  been  far  less  risk  of  fire  with  it  than  with  ordinary 
creosoted  deal. 

He  would  ask  the  author  whether  there  was  any  objection 
to  attaching  the  cross  girders  to  the  bottom  flange  of  the  main 
girders,  cantilevering  them  out  and  then  building  up  the  foot- 
paths on  those  girders.  He  knew  that  in  general  practice  it 
was  not  thought  very  desirable  to  suspend  the  cross  girders  from 
the  main  girders,  it  being  considered  much  safer  to  rest  the  former 
on  the  bottom  flange  of  the  latter,  but  in  the  present  case  they 
seemed  to  have  got  a  good  broad  bottom  flange,  and  he  thought 
the  cross  girders  might  have  been  suspended,  which  would  have 
had  the  advantage  of  lowering  the  level  of  the  roadway,  thereby 
affording  protection  to  the  traffic,  by  increasing  the  height  of 
the  side  screens. 

He  would  like  the  author  to  say  if  some  better  description 
of  timber  could  not  have  been  employed  for  the  footway,  in 
order  to  effect  a  saving  in  the  cost  of  maintenance.  Of  course, 
first  cost  was  very  often  an  important  point  w  ith  the  engineer 
when  constructing  a  bridge.  But  the  engineer  who  would  have 
to  maintain  the  footway  in  the  future  would,  he  thought,  have 
to  incur  a  rather  heavy  expense. 

Mr.    Bernard   J.   Belsher  said  that  he  had  listened  tu  a 
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very  useful  paper.  He  noticed  that  the  concrete  was  composed 
of  ingredients  in  the  proportion  of  9  to  1.  It  struck  him  that 
that  was  a  rather  unusual  proportion.  It  was  unusual  in  tliis 
country  to  have  only  one  volume  of  cement  to  six  of  broken 
stone  and  three  of  sand.  Suppose  that  in  time,  a  cylinder 
corroded  away  below  the  low  water  level,  the  structure  would 
then  be  merely  dependent  upon  the  strength  of  the  concrete. 
Xo  doubt  if  good  concrete  was  used  it  would  be  strong  enough 
to  carry  the  superstructure,  and  the  frictional  resistance  of  the 
ground  against  the  concrete  would  be  pretty  much  the  same  as 
against  the  steel.  He  thought  that  under  the  circumstances,  it 
would  have  l)een  better,  to  have  made  the  concrete  stronger. 
However,  he  did  not  know  what  the  Portland  cement  was  sup- 
posed to  break  at.  They  could  get  Portland  cement  to  break 
up  to  a  1000  lb.  a  square  inch,  but  he  believed  that  it  was  usual 
to  specify  only  400  lb. 

With  regard  to  the  method  adopted  of  connecting  the  two 
cylinders  together,  it  seemed  to  him  that  the  three  vertical  rails 
were  really  altogether  unnecessary  at  that  point,  because  they 
were  at  the  bottom  of  the  4-foot  cylinder.  In  other  words  they 
were  at  the  bottom  of  a  column  and  just  above  the  ground  level 
and  the  bending  moment  would  be  zero  at  the  bottom  of  a 
column.  The  only  thing  to  fear  at  all  was  a  horizontal  shearing 
through  the  column  at  the  joint.  He  thought  that  it  was 
practically  impossible  for  the  column  to  shear  off  (although,  of 
course,  they  knew  that  there  was  a  great  force  striking  against  it 
when  floods  took  place),  because  the  bottom  of  the  top  cylinder 
was  let  into  the  top  of  the  lower  cylinder  at  the  point  referred 
to,  and  both  were  filled  and  surrounded  with  concrete,  so  that 
it  would  be  impossible  for  the  top  cylinder  to  move. 

He  was  rather  surprised  that  the  footway  flooring  was  made 
of  planks  of  creosoted  deal  and  not  steel  chequered  plates,  or 
something  more  durable  than  wood.  He  thought  it  was  perhaps 
due  to  the  fact  that  steel  would  be  rather  difficult  and  expensive 
to  paint  from  time  to  time,  on  the  underside,  and  it  would 
otherwise  corrode. 

He  also  noticed  that  the  piles  were  not  only  bedded  a  consider- 
able distance  into  the  concrete  under  the  abutment  as  shown  in 
Fig.  5,  but  they  were  also  braced  together.  It  seemed  to  him 
that  there  was  an  unnecessary  length  of  pile  in  the  concrete,  for 
it  would  have  been  utterly  impossible  for  the  piles  to  have  come 
apart  with  all  that  enormous  mass  of  concrete  around  them  :  and 
they  might  either  have  been  driven  further  into  the  ground,  or 
reduced  in  depth,  or  shorter  piles  might  have  been  used. 

As  to  the  kerbing,  it  seemed  to  him  an  excellent  idea  for  keep- 
ing the  road  metalling  and  vehicles  away  from  the  main  girders. 
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and  thereby  preventing  them  from  rusting  as  they  otherwise 
would  do.  At  the  same  time  he  considered  that  it  should  have 
been  flat,  or  have  had  a  flat  gradient  on  the  top  instead  of  being 
circular,  so  that  anyone  miglit  stand  thereon  when  crossing  the 
bridge,  if  desirous  of  getting  out  of  the  way  of  a  vehicle.  It 
struck  him  on  hrst  looking  at  the  design,  that  the  ol)ject  of  this 
kerbing  was  to  make  pipeways  across  the  bridge,  but  on  second 
thoughts  he  surmised  that  they  did  not  have  pipe-mains  in  tliat 
part  of  Natal,  and  that  the  only  mains  would  consist  of  over- 
head wires. 

Mr.  Perry  F.  Nursey  said  that  he  had  never  had  the 
honour  of  erecting  a  bridge,  but  he  had  had  the  questionable 
honour  of  demolishing  two.  One  was  a  railway  bridge  over  a 
road  at  Quenast,  in  Belgium,  which  he  took  down  in  1872,  and 
the  other  was  the  Mustard  Lane  Bridge  over  the  (rreat  Western 
Kailway  in  the  Sonning  cutting,  near  Reading,,  which  was  re- 
moved in  1891,  in  connection  with  the  Didcot  widening  of  that 
line.  It  was  one  of  Brunei's  three-span  bridges.  He  took 
down  those  two  bridges  by  blowing  them  up.  Hence,  he  had 
an  explosive  interest  in  the  paper,  but  he  had  been  to  some 
extent  anticipated  by  ^Ir.  Holttum  and  Mr.  Halpin  in  the 
questions  which  he  had  intended  to  ask.  It  appeared  to  liim 
that  the  operation  described  by  the  author  was,  structurally,  a 
dangerous  one  at  the  best,  and  he  should  like  to  know  the 
amount  of  charge  used,  and  whether  a  borins'  was  made  in  the 
soil  in  which  the  charge  was  deposited,  or  whether  it  was  merely 
dropped  into  the  cylinder  and  exploded  by  a  fuse,  or  by  elec- 
tricity, and  whether  there  was  a  head  of  water  in  the  cylinder 
which  would  form  a  tamping.  If  there  was  nothing  to  con- 
centrate the  local  action  of  the  gelignite,  the  structural  risk 
would  not  be  so  imminent,  although  it  would  be  present.  If 
there  w^as  a  head  of  water,  the  danger  to  the  cylinder  might  be 
very  considerable,  according  to  the  charge  used. 

Some  seventeen  years  ago,  in  1890  in  fact,  he  cleared  away 
the  bases  of  four  cast-iron  cylinders  in  the  bed  of  the  Thames 
at  the  Tunnel  ^^^harf,  Wapping.  There  had  been  a  steam  ferry 
between  that  wharf  and  Rotherhithe,  and  the  landing  stage  at 
Wapping  was  carried  on  columns ;  and,  when  it  was  demolished 
— for  the  feiTy  proved  a  failure — the  columns  were  taken  down 
by  hauling  on  from  the  top,  and  it  was  hoped  that  they  would 
snap  off  level  with  the  bed  of  the  Thames.  Four  of  them,  how- 
ever, did  not  snap  off  level,  but  broke  a  foot  or  two  above  the 
bed.  The  Conservators  of  the  Thames,  therefore,  required  the 
snags  to  be  cleared  away,  as  they  constituted  a  risk  to  naviga- 
tion. He  undertook  to  clear  them,  and  he  did  clear  them. 
They  were  4-foot  cylinders  with  concrete  filling.     He  bored  a 
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hole  in  the  concrete  at  low  water,  and  put  in  a  charge  of  dyna- 
mite, using  a  cap  and  a  time-fuse.  He  fired  his  shots  with 
about  14  feet  head  of  water.  In  every  case  he  was  perfectly 
successful;  the  bases  of  the  columns  being  demolished.  He 
had  to  take  great  care,  and  to  use  moderate  charges,  because 
of  the  proximity  of  the  crown  of  the  Thames  Tunnel.  But 
notwithstanding  the  small  charges,  they  did  great  execution, 
and  it  occurred  to  him  that  it  would  be  interesting  to  know 
the  conditions  under  which  the  explosives  were  used  in  the 
cylinders  of  the  Connaught  Bridge. 

Mr.  H.  G.  HuMBY  said  that  he  should  like  to  add  a  remark  in 
answer  to  a  question  put  by  one  of  the  speakers,  as  to  the  reason 
why  the  kerb  was  made  so  steep,  and  had  not  a  flat  resting- 
place  on  the  top.  It  was  purposely  designed  curved  so  as  to  pre- 
vent mules,  when  they  shied  across  the  bridge,  mounting  the  kerb 
and  becoming  entangled  in  the  lattice-work  of  the  main  girders. 

Mr.  S.  A.  Stevens  asked  the  author  whether  in  South 
Africa  they  were  used  to  extremely  heavy  traction  engine  traffic 
such  as  existed  in  England,  and  whether  the  bridge  was  suffi- 
ciently strong  to  bear  two  or  three  such  engines  with  their  con- 
tingent loads.  Nothing  was  said  in  the  paper  about  the  load 
the  bridge  was  designed  to  bear. 

Mr.  E.  J.  Stead  in  replying  to  the  discussion,  said  that 
as  to  the  plastic  concrete  in  the  abutment,  to  which  Mr.  Holt- 
tum  had  referred,  it  was  turned  out  and  left  a  quarter  of  an 
hour  on  the  boards  so  that  the  cement  got  a  grip  of  the  stone, 
and  was  not  washed  ofiP.  They  had  experimented  with  it  in 
putting  the  concrete  fresh  from  the  drum  into  the  water,  and  it 
was  found  that,  in  the  bottom  of  the  tube,  there  was  simply  a 
collection  of  stones  and  sand,  with  the  cement  floating  on  the  top  ; 
but  when  they  tried  it  the  other  way,  leaving  it  a  quarter  of  an 
hour  on  the  boards  the  result  was  quite  satisfactory.  They  got 
concrete  and  not  a  collection  of  stones.  Mr.  Holttum  and  other 
speakers  had  inquired  as  to  the  explosives.  The  explosive  used 
was  gelignite.  The  charge  was  generally  half  a  cartridge,  and  it 
was  exploded  in  the  bottom  of  the  cylinder.  The  cylinders  were 
loaded  up  until  they  had  their  full  load  on  and  then  the  half 
cartridge  of  gelignite  was  dropped  in  through  the  top  of  the 
cylinder.  It  fell  down  through  the  water  and  was  exploded  by 
a  time  fuse  when  it  reached  the  bottom.  There  was  no  accident, 
and  the  result  was  satisfactory.  Of  course,  the  setting  up  of  a 
vibration  or  concussion  in  the  cylinder  to  produce  a  sinkage  was 
not  new.     It  had  been  adopted  in  India. 

The  cement  used  in  the  concrete  was  a  British  cement,  made 
by  Knight,  Bevan  and  Sturge  (Pyramid  Brand).  He  did  not 
know  exactly  the  locality  from  which  it  came. 
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In  reference  to  the  temporary  bridge  erected  after  the  flood, 
a  question  had  been  asked  by  Mr.  Blackbourn  about  the  labour 
employed.  They  had  seven  white  men  and  sixty  natives, 
lioughly  speaking — the  bridge  was  built  from  both  ends,  the 
District  Engineer  was  at  one  end,  and  he  (Mr.  Stead)  at  the 
other,  and  they  worked  towards  the  middle. 

^Ir.  Humby  had  made  some  remarks  about  the  telescopic 
joint,  or,  as  he  called  it  in  his  correspondence,  the  "  candlestick 
joint,"  which  he  (Mr.  Stead)  thought  was  an  excellent  name  for 
it.  The  first  thing  that  struck  him  about  the  taper  pieces  was 
that  the  bottom  of  them  was  below  the  water  level.  Mr.  Humby 
had  told  them  that  he  designed  the  bridge  with  the  taper  level 
1  foot  above  the  water  level.  Of  course,  if  it  had  been  so,  and 
had  come  out  to  that  level,  there  would  not  have  been  the 
slightest  difficulty  in  using  it ;  but  the  actual  low-water  level 
which  they  got  was  2  feet  above  the  level  of  bottom  of  the  taper 
piece.  It  did  not  need  much  experience  to  show  that  there  was 
a  difficulty  in  fixing  work  like  that.  He  quite  agreed  with 
Mr.  Humby  that,  if  they  could  have  got  12  inches  above  the 
water  level,  the  taper  length  would  have  made  a  very  good 
joint.  Mr.  Humby  had  asked  why  they  did  not  cable  home  for 
the  compensating  length  ?  The  answer  was  that  they  had  not 
time  to  do  so. 

Mr.  Humby  asked  why  they  made  a  masonry  abutment 
at  the  Durban  end  ?  He  (Mr.  Stead)  could  not  give  the  reason. 
The  bridge  was  designed  before  he  got  out  there,  and  the  draw- 
ings handed  to  him  showed  the  abutment.  He  had  no  idea  why 
it  was  so  designed,  but  as  it  was  in  the  borough  of  Durban,  the 
most  important  town  in  the  Colony,  that  probaljly  had  some- 
thing to  do  with  it.  He  thought  Mr.  Humby  was  under  a 
misapprehension  as  to  the  condition  of  the  bottom  of  the  cylinder 
at  Pier  2,  when  he  made  his  remark  about  the  testing  of  the 
column.  The  test  was  not  made  on  clay  in  the  cylinder.  The 
clay  was  below  the  bottom  of  the  cutting  edge  which  the  bottom 
rested  on.  It  was  only  a  rougli  test,  but  it  satisfied  him  and 
the  other  engineers,  that  the  clay  would  not  do  to  found  the 
cylinders  on. 

Mr.  Halpin  had  mentioned  the  possible  difficulty  of  manu- 
facturing the  girders,  owing  to  the  end  spans  not  being  the  same. 
But,  of  course,  the  girders  were  of  exactly  the  same  length  in 
each  case.  There  was  77  feet  4  inches  distance  from  centre  to 
centre  of  the  piers ;  and  74  feet  8  inches  distance  from  the 
centre  of  the  pier  to  the  face  of  the  abutment,  the  net  length  of 
girders  being  77  feet  2^  inches. 

He  had  been  asked  by  Mr.  Grove  how  boulders  were  dealt 
with.     He   might  say   that  they  had   only  very  few  boulders. 
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and  they  were  at  a  shallow  depth.  They  were  removed  by 
the  diver. 

A  question  had  been  asked  by  Mr.  Bloyd  as  to  the  timber 
used  for  the  footways.  Creosoted  deal  answered  very  satisfac- 
torily for  light  foot  traffic  ;  and  it  was  very  easily  repaired  if 
any  planks  got  out  of  order.  Jarrali  wood  was  very  expensive, 
and  the  cost  was  practically  [)rohibitive. 

Mr.  Belsher  had  criticised  the  concrete.  He  (Mr.  Stead) 
might  say  that  6  of  aggregate  to  1  of  matrix  was  a  splendid 
concrete.  The  cement  was  specified  in  the  specification  to 
break  at  not  less  than  400  lb.  to  the  square  inch. 

Mr.  Stevens  had  asked  what  the  load  was,  and  what  the 
luidge  was  allowed  to  carry.  The  live  road  was  1^  ton  per  foot 
forward.     The  bridge  would  carry  traction  engines  over  it. 

Mr.  P.  F.  NuRSEY :  I  think  you  said  that  the  charge  was 
half  an  ordinary  cartridge  of  gelignite.  That  would  be  about 
one  ounce,  and  would  give  a  fair  shaking. 
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THE   REGARD   AND   SOURCOUF   ROAD- 
TRAIN   SYSTEM. 

By  Benjamin  H.  Thavaite  and  PiIchard  F.  Thorp. 

Introduction. 

One  of  the  most  serious  problems  of  the  present  day  is  the 
restoration  of  the  equilibrium  between  the  city  and  rural  popu- 
lations, the  cry  "  back  to  the  land  "  being  heard  on  all  sides. 
Whilst  farmers  are  deploring  a  scarcity  of  hands,  owing  to  the 
immigration  of  labourers  to  towns,  the  unemployed  crowd  the 
streets  of  our  cities.  Any  system,  therefore,  which  will  tend 
towards  the  decentralisation  of  the  masses,  deserves  serious 
consideration.  One  remedy  that  should  help  to  bring  back 
prosperity  to  the  farmer,  and  induce  the  labourer  to  stay  with 
him,  would  be  a  more  economical,  rapid,  and  convenient  method 
of  road  transport. 

It  is  generally  admitted — and  this  opinion  created  the  Light 
Kailways  Act — that  if  the  farmer  could  secure  a  rapid,  safe,  and 
cheap  method  of  transport,  it  would  transform  his  prospects. 
This  opinion  led  the  authors  to  examine  the  possibilities  of  the 
latest  attempt  to  solve  the  problem  of  mechanical  road  transport, 
and  to  embody  the  results  of  their  investigations  in  this  paper. 

Many  of  our  best  agricultural  areas  are  far  removed  from 
railways  owing  to  the  opposition  of  landlords  to  the  railway  in 
the  pioneer  days,  whilst  the  cost  of  a  light  railway  would  be  too 
great.  The  history  of  the  evolution  of  modern  road  motor  trans- 
port systems  provides  many  examples  of  the  obstacles  that  are 
thrown  in  the  way  of  the  progress  of  innovations  on  established 
systems  in  this  country.  The  country,  is,  however,  becoming 
day  by  day  more  liberal  in  its  attitude  towards  new  inventions. 

PLvRLY  Mechanical  Koad  Transport. 

In  a  paj>er  read  before  this  Society  by  one  of  tlie  present 
authors    the    policy  of   canal  suppression  adopted   by    rnilway 
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companies  in  the  early  days  of  railways  was  explained.  Canals, 
however,  were  not  the  only  methods  of  transport  that  suffered 
by  the  advent  of  the  locomotive.  There  had  been  many 
attempts  before  Stephenson's  railway  successes,  to  solve  the 
problem  of  applying  James  Watt's  invention  to  the  propulsion 
of  road  vehicles,  but  no  real  progress  appears  to  have  been  made 
until  about  the  year  1829,  when  Gurney  and  Handcock  entered 
the  lists,  and  Handcock  may  fairly  be  considered  to  be  the 
creator  of  the  steam  road  transport  system.  Fig.  1,  which 
shows  Handcock's  motor  'bus,  or  coach,  gives  an  idea  of  the 
comparative  perfection  which  the  system  had  reached  before 
the  date  of  Stephenson's  success. 

Dance  was  the  first  to  organise  a  regular  service  of  motor 
coaches.  He  established  the  first  service  in  1831,  between 
Cheltenham  and  Gloucester.  In  the  same  year,  Napier  con- 
structed a  belt-driven  steam  carriage,  which  proved  a  practical 
success.  A  service  of  Handcock's  steam  motor  coaches  commenced 
to  run  between  Paddington  and  the  City  in  1834,  following 
which,  in  the  forties,  motor-coaches  commenced  to  run  between 
Stratford  and  Paddington.  This  is  the  last  of  the  services'estab- 
lished  known  to  the  authors.  The  railway  boom  came,  and  all 
rival  transporting  systems  were  forgotten.  Nevertheless,  many 
developments  in  detail  followed  the  early  runs  of  Handcock's 
motor  coaches.  The  advantages  of  securing  a  thoroughly  reli- 
able resilient  tyre  were  appreciated.  Eesilient  indiarubber  solid 
tyres  were  applied,  and  even  the  differential  gear  was  known. 


The  Red  Flag  Act. 

Piailway  influence,  even  in  Parliament,  became  very  powerful, 
and  no  rival  mechanical  road  transport  system  would  have  had 
any  chance  against  it.  An  Act  was  introduced  into  Parliament 
in  1865,  the  object  being  to  close  the  British  highways  against 
any  system  of  mechanical  transport,  other  than  the  tiaction 
engine.  This  Act  was  known  as  the  Eed  Flag  Act.  The 
drastic  character  of  this  Act,  will  be  understood  from  the  follow- 
ing provision  which  it  contained. 

"  No  mechanical  transport  system  travelling  on  a  public  road 
must  be  permitted  in  towns  or  villages  to  exceed  a  speed  of  more 
than  2  miles  an  hour,  and  on  other  roads  4  miles.  At  least 
three  persons  must  be  allotted  to  drive  or  control  the  mechanic- 
ally propelled  vehicle,  and  if  any  additional  vehicle  trailed,  a 
fourth  man  must  be  provided." 

Moreover,  one  of  the  staff  had  to  precede  the  vehicle  on  foot 
by  at  least  20  yards,  and  carry  a  red  flag,  and  the  mechanically 
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propelled  vehicle  had  to  be  immediately  stopped  when  any  person 
with  a  horse  or  a  carriage  drawn  by  a  horse,  raised  his  hand.  It 
is  impossible  to  conceive  an  Act  more  likely  to  suppress  ingen- 
uity in  the  direction  of  applying  the  resources  of  mechanical 
science  for  road  transport  services. 

A  EoYAL  Commission. 

This  Act  was  allowed  to  remain  undisturbed  for  many  years, 
but  in  the  year  1873  a  Royal  Commission  was  appointed  to  con- 
sider the  desirability  of  providing  facilities  for  the  introduction 
of  mechanical  road  systems  of  transport.  The  commission  met, 
and  decided  to  recommend,  "that  self-contained  locomotive 
coaches,  not  exceeding  6  tons,  noiseless  and  non-smoke  produc- 
ing, be  declared  to  be  light  vehicles,  and  that  they  be  permitted 
to  travel  at  the  ordinary  speed  of  horse-drawn  vehicles,  and  be 
subject  to  the  same  restrictions  as  apply  to  such  vehicles." 
This,  like  many  other  royal  commissions,  was  probably  a  parlia- 
mentary method  of  shelving  an  awkward  subject,  because  the 
government  did  not  adopt  the  recommendations. 


Continental  Progress. 

The  untrammelled  efforts  of  invention  in  Germany  and  France, 
however,  were  producing  remarkable  developments  in  mechanical 
road  transport.  Thanks  to  the  genius  of  Xapoleon,  and  to  his 
road-making  propensities,  and  to  the  French  engineers  of  bridges 
and  roads,  and  thanks  also  to  the  general  encouragement  given 
to  the  automobile  iiuhistryin  France,  inventors  made  rapid  ])ro- 
gress  in  i)erfecting  mechanical  systems  of  road  transport.  lUil 
it  is  only  fair  to  our  own  countrymen  to  note  that  Ihitish  engi- 
neers can  claim  a  right  to  a  share  in  the  honour  of  participating 
in  the  pioneer  work  of  effecting  mechanical  transi)ort  on  roads. 
Indeed,  the  progress  made  by  the  early  pioneers  in  applying 
AVatt's  steam  engine  for  vehicular  service,  considering  tlie  time, 
is  most  remarkable.  It  is  said  tiiat  when  Handcock's  motorcoacli 
was  fairly  established,  besides  the  regular  services,  there  were 
scores  of  steam  power  vehicles  running  on  our  highways,  in  spite 
of  the  opposition  raised  by  the  stage-coach  proprietors  who 
initiated  the  opposition  of  the  turnpike  trust. 

Then  came  the  railway  mania,  and  tlie  work  of  Handcock 
and  other  British  engineers  was  forgotten.  Even  the  clumsy  but 
serviceable  steam  traction  engine  was  looked  upon  with  suspicion 
by  tlie  railways,  and  its  expansion  was  checked  by  the  Act  of 
1865.     But   this   year  of  legalised   mechanical   road   transport 
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oppression — 1865 — saw  the  birth  of  the  invention  of  Lenoir, 
which,  with  the  modifications  he  and  Otto  succeeded  in  making, 
is  known  as  the  Otto  cycle  gas  engine.  The  applications  of 
this  cycle  with  petrol  fuel  to  motor  road  vehicles  was  eventually 
destined  to  sweep  away  the  restrictions  of  the  1865  Act.  Both 
German  and  French  engineers  deserve  credit  for  their  subse- 
quent efforts  to  secure  an  economic  and  facile  system  of  mechan- 
ical road  transport.  Benz  and  Daimler  in  Germany,  Bollee, 
Panhard,  Levassor,  and  J^)Outon,  in  France,  worked  for  many 
years  in  the  early  eighties  with  more  or  less  success,  and  on 
French  and  German  roads.  But  their  work  and  their  progress 
had  no  influence  on  British  road  transport  development,  which 
was  dead  or  dormant  by  reason  of  the  fatal  Eed  Flag  Act  of 
1866. 

EoAD  Transport  Progress. 

The  pioneer  application  in  1883  of  the  Otto  cycle  internal 
combustion  engine,  using  a  highly  volatile  oil,  such  as  petrol, 
Avas  made  to  a  tricycle.  Several  inventors  were  engaged  in  the 
problem,  the  more  prominent  being  Benz,  Daimler,  and  Edward 
Butler,  an  English  engineer.  Daimler  is  credited  with  having 
in  1886,  built  the  iirst  practical  petrol  machine  for  road  trans- 
port service,  although  Benz  must  also  have  credit  for  his  success 
in  the  same  year.  The  steam  power  enthusiasts  entered  the 
arena  in  1888,  led  by  the  late  Leon  Serpollet,  who  had  De  Dion 
and  Bouty  and  other  associates  in  this  work.  Indeed,  it  is  to 
Serpollet  that  the  introduction  of  the  automobile  into  England 
is  due.  Serpollet  extended  the  application  of  the  steam  engine 
to  a  four-seated  car  in  the  same  year.  Eealising  the  inadequacy 
of  ordinary  evaporative  systems,  M.  Serpollet  invented  the 
flattened  small  bore  or  flash  boiler  in  1889.  Herr  Daimler  was 
equally  energetic  in  the  development  of  the  Otto  cycle  gas 
power  engine,  and  in  the  introduction  of  his  two-cylinder  petrol 
engine  on  the  road  in  1889,  which  marked  an  epoch  of  progress 
in^he  evolution  of  mechanical  road  transport  methods. 

The  advance  to  the  motor  car  came  in  1889,  both  steam  and 
petrol  combustion  engines  being  employed.  The  successes  of 
many  inventors  rapidly  followed,  the  advances  including  the 
application  of  power  to  a  tram-car  in  the  same  year.  The  rapid 
develoi)ment  owed  sometliing  to  the  fillip  given  to  the  industry 
by  the  introduction  by  Dunlop  of  the  pneumatic  tyre.  So 
enthusiastic  were  the  French  workers,  that  a  petrol  motor-train 
is  said  to  have  been  made  in  1894.  The  experience  of  Serpollet 
upon  the  introduction  of  his  steam-power  car  into  England, 
although  pretty  well  known,  is  worth  repeating  iiere.     He  found 
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to  his  utter  astonishment  that  the  speed  of  his  car  was  controlled 
by  the  1865  Act  of  Parliament,  and  that  the  speed  rate  in  a 
town  was  restricted  to  2  miles  per  hour,  and  that  his  car  had  to 
be  preceded  by  a  man  20  yards  forward  carrying  a  red  flag. 
Serpollet  was  therefore  compelled  to  show  the  steering  and  speed 
qualities  of  his  system  on  a  pathway  surrounding  one  of  the 
metropolitan  gas  holders. 

The  liistory  of  the  attempts  at  progress  made  by  Sir  David 
Salomons,   Mr.  Worby  Beaumont   and  others,  is  well   known. 
The  early  pioneers  of  the  motor  car  in  England  combined  in 
1896  to  form  the  Motor  Car  Club  (the  parent  of  the  Automobile 
Club)  and  tlien  commenced  strenuous  attempts  to  remove  the 
legal  incubus  constituted  by  the  Act  of  1865.     As  a  result  of 
these  efforts,  the  Eoad  Emancipation  Act  was  passed,  receiving 
the  Eoyal  Assent  in  1896.     The  legal  barrier  being  removed,  the 
introduction  of  Continental  cars  followed  rapidly.     By  the  Act 
of  1896,  automobiles  were  allowed  to  be  driven  at  speeds  up  to 
fourteen   miles  per   hour,  and   the  red   flag   restrictions  were 
removed.      The   Act    is    restricted    to   vehicles    propelled    by 
mechanical  power  under  three  tons  in  weight  unladen,  and  not 
drawing  more  than  one  vehicle.     The  vehicle  and  its  motor  is 
not  to  exceed  four  tons  in  weight  unladen.     The  passing  of  this 
Act  would  not  have  been  accomplished  but  for  the  strenuous 
work  of  Sir  David  Salomons  and  Mr.  Worby  Beaumont,  a  past 
president  of  this  Society,  than  whom  no  one  deserves  greater 
credit  for  the  w^ork  done  in  clearing  the  way  for  the  coming  of  a 
new  industry  of  immense  possibilities  for  the  good  of  the  country. 
Since  the  passing  of  the  Act  of  1896,  the  expansion  of  the 
motor-propelled  road  transport  vehicle  industry  has  been  mar- 
vellous.    Merely  taking   the  application  of  the   motor   to  the 
metropolitan  'buses,  we  have  some  startling  figures.     Only  two 
years  ago  the  number  of  motor  'buses  could  be  counted  on  the 
fingers  of  one  hand.     To-day  the  figure  is  probably  800,  and  their 
capacity  for  passenger  transport  is  proved  by  the  fact  that  last 
year  they  carried  lour  millions  of  passengers  in  excess  of  the  tram- 
cars  of  London  or  above   185  millions,  and  over  distances  ap- 
proaching 30,000  miles  a  year :  the  total  distance  travelled  by  the 
800  'buses  w^ould  equal  24   millions  of   miles.     Although  the 
cylinders  of  many  of  the  motors  at  the  end  of  a  year's  run  show 
no  signs  of  excessive  wear,  the  rates  of  maintenance  and  of 
depreciation  are  very  sericjus  items  in  the  running  costs. 

Unfortunately,  the  api)lication  of  the  motor  to  omnibus 
vehicles  has  been  too  hurried  and  too  rapid,  and  but  little  real 
progress  has  resulted.  The  economics  of  transport  work  have 
not  been  properly  studied,  and  respect  for  the  surface  mainten- 
ance of  our  roadways  has  been  considered  to  \)v.  a  negligil)le 
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quantity.  The  effect  of  this  want  of  consideration  is  forcing 
forward  tlie  question  for  Parliament  of  new  Acts  to  safeguard  the 
highways,  and  secure  the  cost  of  their  maintenance  being  borne 
by  the  users  of  such  highways. 

The  regrettable  fact  of  the  hustling  propensity  is  being  proved 
by  the  unsatisfactory  structural  character  of  the  motor-bus  and 
its  transmission  and  rolling  gearing  and  wheels,  the  depreciation 
being  actually  rated  at  20  per  cent.  In  other  words,  it  is  neces- 
sary, in  the  balance-sheet  of  expenditure  and  revenue,  to  assume 
a  useful  life  value  of  only  5  years.  Such  a  charge  on  the  revenue 
endangers  the  economic  value  of  this  popular  system  of  passenger 
road  transport.  Apparently,  this  item  in  the  running  costs  has 
not  been  counted  by  those  who  are  responsible  for  this  invasion. 


Solution  of  the  Reduction  Problem. 

The  authors  suggest  that  the  solution  of  the  problem  of 
effecting  a  reduction  of  the  depreciation  and  maintenance  incubus 
of  the  motor  element,  that  is  threatening  the  commercial  exist- 
ence of  the  present  motor-bus  may  be  found  in  the  application 
of  the  Heilmann  principle.  Herr  Heilmann  adopted  the  prin- 
ciple of  electrical  transmission  between  a  high-speed  steam 
engine  and  the  axles  of  a  railway  locomotive.  The  following 
letter  addressed  to  Mr.  Thwaite  by  the  late  Mr.  Chas.  Brown, 
descriljes  the  results  of  the  tests  of  the  Heilmann  locomotive. 
The  letter  appeared  in  '  The  Engineer '  of  September  1,  1893. 
"  It  may  interest  you  to  hear  that  the  big  Heilmann  electric 
railway  locomotive  was  started  last  Monday.  It  runs  wonder- 
fully sweet,  and  the  faster  she  goes  the  better  and  the  smoother, 
the  disturbing  influences  of  the  masses  being  entirely  eliminated. 
Tliere  is  no  counter  weight  on  driving  wheels,  but  a  steady 
tangential  pull  at  the  tyres.  This,  added  to  the  compensating 
actifjn  of  the  compound  bogie  combined,  produce  a  locomotive 
wliich  runs  with  remarkable  steadiness." 

Similar  to  the  Heilmann  principle,  tlie  authors  would  suspend 
from  the  chassis  and  with  suitable  compensating  springs  both 
the  motor  and  its  associated  dynamo,  so  tliat  liability  to  damage 
and  excessive  wear  by  reason  of  shocks  and  vibrations  would 
be  greatly  reduced,  as  the  only  connection  to  the  electric  motors 
on  the  hubs  of  the  driving  wheels  or  to  a  counter  shaft,  trans- 
mitting tlie  power  to  the  wheels  by  link  chains,  would  be  a 
wire.  The  effect  of  unequal  road  surfaces  and  the  vibrations 
set  up  ]jy  variable  speeds  and  road  obstacles,  would  be  negligible, 
and  the  wear  and  tear,  and  cost  of  maintenance  and  deprecia- 
tion should  be  reduced  by  one-third  at  least. 
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Even  supposing  that  the  loss  of  power  in  transmission 
equalled  15  per  cent.,  this  only  exceeds  the  average  loss  (say  ol" 
10  per  cent.)  by  5  per  cent.,  so  that  the  fuel  costs  of  12J  per 
cent,  would  be  increased  by  2^  per  cent.  Against  this,  the 
reduction  of  the  maintenance  and  depreciation  charges,  say  of 
40  per  cent.,  by  one-third,  would  be  equal  to  13*3  per  cent.  ; 
deducting  2h  per  cent,  would  then  mean  a  balance  in  favour  of 
the  electrical  method  of  power  transmission  of  10*8  per  cent. 
The  elasticity  of  the  electrical  drive,  its  rapid  and  easy  control, 
and  the  facilities  of  application,  are  additional  advantages. 

Technical  Transition  of  Development. 

The  most  important  phases  in  the  technical  transition  in 
road  motor  vehicular  development  may  now  be  briefly  discussed. 
The  mere  enumeration  of  the  transitionary  phases  of  tlie  road 
motor  evolution,  since  Handcock's  motor  coach  ran  over  London's 
highways,  would  alone  till  a  book,  so  that  the  authors  will 
merely  mention  the  more  salient  features  of  the  changes  in  the 
character  of  the  motor  and  the  methods  of  power  transmission 
that  have  led  up  to  the  modern  system  of  road  transport. 
Before  doing  so,  however,  they  will  endeavour  to  broadly  define 
the  basis. 

Transport  Efficiency  Measurement. 

The  only  economic  test  of  a  system  of  transport  is  the  cost 
of  load  carriage  per  ton  mile.  But  another  test  that  gives  the 
efficiency  of  the  system  is  the  carrying  capacity  of  a  given 
system  at  a  given  speed.  This  last  test  may  be  formulated  as 
follows,  where  the  cost  of  power  is  assumed  to  be  equal. 

Let     a  =  the  full  live  load  capacity  of  a  train  in  tons. 
b  =  the  weight  of  a  train  and  its  motor. 
c  =  the   maximum    speed   of  a   train    carrying   the 

maximum  load. 
d  =  cost  of  repairs  and  depreciation  charges  per  ton 

mile,  maximum  speed  full  load. 

Then         (a  —  h)  x  -  will  provide  the  figure  of  comparative 
a 

efficiency. 

Comparative  lightness  on  roads  of  any  motor  road  transport 
system  will  best  be  secured  by  determining  the  pressure  on  the 
road  surface  per  square  inch  of  tyre.  This  is,  of  course,  assuming 
the  tyre  is  smooth  and  not  corrugated  or  barred.  To  secure 
adhesion  at  the  cost  of  the  public  road  surface,  may  be  a  good 
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and  economical  policy  for  the  owner  of  the  tractor  to  adopt,  but 
the  road  authorities  have  a  right  to  protest  against  this  policy. 

Doubtless,  the  tendency  of  modern  transport  inventions  to 
return  to  the  road  will  be  followed  eventually  by  a  return  of 
the  toll  bar  system,  and  it  is  very  probable  that  the  tolls  will 
be  proportionate  to  the  wear  and  tear  characteristics  of  any 
given  mechanical  road  transport  system  ;  indeed,  this  would 
only  be  fair.  It  would  indirectly  provide  a  premium  for  the 
best  designed  vehicular  system.  If  the  density  and  hardness  of 
the  broken  stones  used  for  making  a  road  were  superior  to  the 
crushing  effect  of  any  vehicle  that  ran  on  such  roads,  then  the 
pulverising  effect  would  be  negligible  and  outside  the  effect  of 
horseshoes  ;  this  road  would  remain  good  for  a  long  period.  If, 
therefore,  the  loads  on  a  transport  vehicle  were  so  well  distri- 
buted that  none  of  the  wheels  were  capable  of  producing  a 
crushing  effect,  such  a  train  should  constitute  a  standard  type 
for  road  service,  and  the  tolls  charged  should  be  on  the  lowest 
scale. 

Steam  Power  Motors. 

The  problem  that  faced  the  advocates  of  steam  as  the  agent 
of  propulsion,  was  how  to  secure  the  maximum  heating  and 
evaporating  surface,  in  proportion  to  weight  of  steam  generated. 
This  had  one  solution,  in  the  flattened  small  bore  tube  steam 
boiler  of  Leon  Serpollet.  The  question  of  steam  condensation 
was  equally  important.  Air  adds  no  weight  to  the  vehicle,  and 
it  is  a  constant  environment,  whereas  water  has  to  be  paid  for, 
and  it  is  heavy,  but  it  is  a  more  effective  cooling  agent.  A 
combination  of  the  two  has  been  effected. 

Then  as  to  the  motor.  Serpollet  was  faithful  to  the  single- 
acting  piston  type,  until  the  success  of  the  double-acting  type 
compelled  him  to  abandon  the  former  and  adopt  the  latter. 
The  importance  of  securing  the  maximum  possible  power  for  a 
given  weight  of  structure  (static  and  dynamic),  led  Serpollet  to 
attempt  to  exactly  proportion  the  supplies  of  the  three  essential 
agents,  water,  petrol,  and  air,  so  as  to  secure  the  best  results. 
This  is  a  step  in  the  right  direction,  and  will  succeed,  providing 
all  the  agents  are  attainable  of  a  pure  character ;  that  is,  the 
petrol  of  a  constant  specific  gravity,  the  air  free  from  road  dust, 
and  the  water  soft. 

Petrol  Power. 

The  introduction  of  the  petrol  internal  combustion  engine 
brought  forward  new  problems.  The  obvious  defect  in  the  single 
engine  was  the  inegular  character  of  the  power,  or  live  stroke, 
impulses,   one   active   stroke   in   four   producing   tremors    and 
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vibrations  of  the  engine  structure,  unpleasant  to  the  user  and 
destructive  to  the  machine.  By  the  simple  expedient  of  a  multi- 
plicity of  cylinders  and  pistons  acting  on  multiple  cranks,  so 
disposed  as  to  distribute  the  live  impulses  equally  over  the  crank 
circle,  a  steadiness  and  uniformity  of  running  proportionate  to 
the  number  of  cylinders,  with  an  equivalent  increase  of  power 
has  been  secured,  and  with  a  reduced  weight  ratio  in  proportion 
to  such  power. 

The  reduction  of  the  nuisance  of  the  exhaust  has  been  easily 
effected  by  the  breaking  up  of  the  sound  waves,  and  there  is  less 
noise  today  from  a  70-horse  power  than  followed  the  trail  of  an 
^arly  single-cylinder  type  of  ten  years  ago.  The  problem  of 
securing  adequate  cooling  of  the  cylinders  has  points  of  similarity 
to  that  of  the  steam  condensation,  and  the  solution  of  the  prob- 
lem is  arrived  at  in  a  somewhat  similar  manner.  The  cooling 
of  the  cylinder  heads  containing  the  valves  and  spindles  has 
removed  many  difficulties  due  to  expansion  and  overheating 
effects.  The  devices  introduced  for  the  production  of  combustible 
vapour  from  petrol  and  other  volatile  liquids  are  legion,  but  there 
is  still  no  standard  carburettor  system. 

There  is  a  considerable  margin  for  a  thermodynamic  efficiency 
improvement  in  the  petrol  motor  used  on  road  transport  vehicles. 
With  a  modern  blast  furnace  gas  engine,  the  authors  would  not 
be  satisfied  with  a  thermodynamic  efficiency  equivalent  to  an 
expenditure  of  9500  B.T.  units  per  B.H.P.  per  hour,  whereas 
the  ordinar}^  petrol  motor  in  the  actual  work  probably  involves 
an  expenditure  of  from  12,000  to  15,000  B.T.  units  per  hour 
under  the  best  load  conditions. 

The  ignition  of  the  explosive  mixture  of  petrol  vapour  and 
air  by  Bosch's  magneto  is  rapidly  becoming  the  universal 
standard:  it  has  secured  the  victory  in  the  struggle  with  the  tube 
and  the  coil-spark  ignition. 

Transmission  of  Power. 

The  great  advantage  of  the  indirect  and  really  rotary  trans- 
mission of  sprocket  gear,  compared  witli  the  staccato  impulse  of 
the  direct  drive  of  the  locomotive  has  not  been  realised  by  rail- 
way engineers  in  general,  althougli  Heilmann  attempted  the  appli- 
cation of  this  principle  for  locomotive  driving  in  France,  and  tlie 
steadiness  was  such  that  it  is  said  a  glass  of  water  could  be 
carried  in  the  tender  without  tlie  loss  of  a  drop.  The  advantiige 
<»f  the  indirect  drive  is  the  facility  of  increasing  tlie  speed  of  the 
motor  in  ascending  stiff  gi-adients,  whereas  in  the  direct  drive 
the  piston  reciprocations  are  limited  by  the  speed  of  the  driving 
wheel  of  the  locomotive. 


52  THE   REXAED    AND    SOURCOUF    KOAD-TRAIN    SYSTEM. 

The  transmission  problem  for  road  motors  is  solved  in  various 
ways,  but  wliat  appears  to  be  the  survival  of  the  fittest  of  the 
purely  mechanical  methods  is  the  use  of  a  propeller  shaft  equipped 
with  Cardan  joints,  coupled  through  a  clutch  with  the  crank  shaft. 
Of  course,  the  ideal  system  will  be  defined  in  relation  to  the 
character  of  the  roadways. 

The  direct  drive  from  the  motor  ciank  shaft  would  for  average 
roads  be  quite  impracticable,  so  that  the  usual  method  is  to 
mechanically  drive  a  horizontal  shaft  through  bevel  and  worm 
gearing.  Through  the  introduction  of  an  ingenious  ball  gearing 
by  Mr.  Collier,  the  latter  is  likely  to  become  the  standard 
mechanical  system ;  generally  the  link  chain  is  employed  to 
transmit  the  power  to  the  live  wheel. 

The  flexibility  of  the  chain  drive  has  secured  its  almost 
invariable  application  for  the  lighter  road  motor  vehicles.  The 
universal  system  of  varying  the  speed  ratios  for  hill-climbing,  etc. 
is  the  employment  of  gear  ratios  on  the  propeller  shaft,  the  mere 
movement  of  various  ratio  gears  into  mesh  is  all  that  is  required. 
This  system  has  survived  through  almost  all  the  changing  stages 
in  the  history  of  the  road  motor  evolution,  since  the  date  of  Pan- 
hard  and  Levassor's  work.  The  propeller  shaft  is  put  in  gear  by 
means  of  various  clutches,  but  whether  the  ideal  system  of  clutch 
has  been  found  is  still  undecided.  The  efficiency  in  power 
transmission  of  the  different  systems,  assuming  good  workman- 
ship and  materials  have  been  employed,  with  well  proportioned 
elements  and  circulated  lubricants,  is  fairly  satisfactory.  The 
range  in  actual  practice,  will  vary  between  84  per  cent,  and  96 
per  cent.,  equivalent  to  a  loss  of  power  respectively  of  16  per 
cent,  to  4  per  cent. 

The  ingenuity  that  has  been  displayed  in  varying  the  moving 
parts  in  attempts  to  secure  improvements  is  extraordinary,  and 
has  only  a  parallel  in  the  history  of  the  evolution  of  textile 
machinery.  The  demands  of  the  motor  industry  in  special 
steel  has  necessitated  research,  that  cannot  fail  to  be  useiul  to 
the  metallurgical  industry.  Even  the  wheels  and  their  resilient 
tyres  have  stimulated  the  inventive  faculty  to  a  remarkable 
extent.  The  flexible  and  resilient  tyre  of  Thomson  in  the  early 
history  of  the  movement,  and  the  pneumatic  tyre  of  Dunlop,  have 
both  done  real  service  to  the  development  of  the  road  motor, 
and  constitute  the  most  important  British  contribution  to  the 
building  of  the  industry. 

The  problem  of  steering  has  been  fairly  well  solved  by 
Akermann,  whose  system  is  far  superior  to  the  early  turntable 
system.  The  skidding  danger  has  been  forced  to  the  front  by 
the  erratic  movements  of  the  motor-buses  that  have  during  the 
last  year  been  imported  from  Berlin  and  other  places.     The  centre 
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of  gravity  of  this  heavy  type  of  passenger  road  motors  being  so 
liigh,  and  the  tangential  effect  of  the  movements  of  these  veliicles 
being  so  considerable,  the  wonder  is  that  the  skidding  danger  is 
not  even  greater.  The  railway  system  has  this  advantage,  that 
the  centrifugal  tendency  can  be  compensated  for  V)y  the  super- 
elevated  rail.  No  equivalent  remed}^  has  yet  been  found  for 
Toad  transit. 

The  Eenard  and  Sourcouf  System. 

The  latest  development  of  motor  road  transport,  namely  the 
Eenard  and  Sourcouf  system,  has  not  proceeded  at  the  rapid  pace 
of  many  of  the  other  road  motor  developments.  The  inventors, 
the  late  Col.  Eenard  of  the  Corps  of  Engineers  of  the  French 
army  and  his  associate,  M.  Sourcouf,  have  given  careful  attention 
to  almost  every  problem  that  would  have  to  be  solved  in  practice 
to  secure  success  for  mechanical  road  transport  for  most  kinds 
of  traffic.  Amongst  the  problems  to  be  faced  are  included  the 
following  : — 

The  utilisation  of  the  tiseful  or  paying  load  to  provide  pro- 
pulsive adhesion. 

The  extension  of  tlie  live-wheel  base  in  proportion  to  the 
length  of  the  train. 

The  low^ering  of  the  weight  on  any  part  of  the  wheel  base 
and  its  adhesion  tread,  so  that  the  road  stirface  should  suffer 
very  little,  and  so  that  the  vehicles  could  be  permitted  to  cross 
any  bridge  accessible  to  horse-hauled  vehicles,  without  involving 
any  danger  to  the  staljility  of  the  structure.  To  obtain  the 
maximum  area  of  adhesion,  and  to  secure  the  easy  starting  of 
the  transport  system. 

To  secure  in  a  multiplicity  of  vehicular  units,  a  sj^stem  of 
coupling  that  would  provide  rigidity  with  such  flexibility,  that 
the  coupled  units  could  pass  round  on  a  rail-less  road  in  a  circle 
of  12  yards  diameter. 

To  secure  steering  control  either  forwards  oi-  backwards  over 
the  coupled  units  from  either  end,  in  a  practical  and  effective 
manner  from  one  of  the  vehicles. 


Claims  of  the  System. 

A  train  «)f  vehicles  possessing  the  qualifications  sought  for, 
Avould,  fioni  the  standpoint  of  the  road  authorities,  possess  the 
follow  ing  claims  for  preferential  consideration. 

1.  The  distribution  of  the  weight  of  the  train  on  the  road 
surface  spread  over  a  long  wheel  base,  and  over  many  rolling 
-contacts  caiTying  the  dead  and  live  load  of  the  train. 

2.  More  than  the  proportionate  reduction  of  the  road  surface 
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wear,  because  the  density  and  strength  of  the  road  material 
would  resist  the  crushing  effect  of  the  well  distributed  pressure 
over  the  road,  whereas  an  ordinary  heavy  traction  engine  would,, 
by  its  limited  wheel  base  and  heavy  wheel  pressure,  crush  the 
road  materials  into  dust. 

3.  The  same  advantage  of  light  distributed  weight  over  a 
long  wheel  base,  applies  to  the  movement  of  the  train  over 
bridges  and  like  structures.  A  bridge  quite  incapable  of  sup- 
porting the  heavy  concentrated  weight  of  a  traction  engine,  will 
be  undisturbed  by  a  similar  weight  distributed  over  four  or 
more  axles  at  intervals  of  from  12  to  15  feet  apart. 

Moreover,  the  mechanical  system  of  the  wheels  of  the  chassis 
of  each  coach  is  vertically  elastic,  so  that  an  obstacle  in  the 
road  is  surmounted  without  appreciably  disturbing  the  balance 
of  the  chassis  structure. 

The  inventors  have  apparently  recognised  every  circum- 
stance associated  with  road  transport,  and  they  have  attacked 
the  problem  in  a  mathematical  and  scientific  manner.  In  the 
opinion  of  the  authors  the  system  is  a  distinct  and  important 
departure  from  the  orthodox  methods  of  mechanical  propulsion 
on  land. 

Advantages  of  the  System. 

The  Eenard  system  is  obviously  independent  of  any  par- 
ticular method  of  propulsive  power  generation,  as  either  petrol, 
gas,  or  steam  power  may  be  used.  So  far  the  convenience,, 
lightness,  and  reliability  of  petrol  fuel  has  justified  its  general 
use ;  besides,  the  running  cost  appears  to  demonstrate  that,  at 
the  present  prices  of  petrol  and  rates  of  wages,  the  cost  of  power 
for  propulsion  is  not  the  all-important  element. 

There  is  a  general  resemblance  in  the  following  statement 
illustrating  the  analytical  character  of  the  running  costs  of  two 
typical  systems  of  mechanical  road  transport,  and  which  is 
based  on  Col.  (Jrompton's  figures.  The  conspicuous  feature  is 
the  incubus  of  the  depreciation  and  maintenance  charges,  and 
the  cost  of  labour  : — 


Typ*-  of  Motor. 

Wages, 
per  cent. 

Repairs  or 
Maintenance 

and 

Depreciation, 

per  cent. 

Fuel  and 

Lubricants, 

per  cent. 

Water, 
per  cent. 

4-1) 

included  j 

in  petrol  > 

costs     j 

insur- 
ance, 
per  cent. 

Steam  tractor  with    ) 
tr.'iiler     .      .      .    ( 

5-ton  petrol  wagon  . 

39-4 
20 -6 

iJ7-0 
52 -JJ 

13-5 
171 

4-0 
4-0 
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Again  referring  to  the  question  of  how  these  heavy  deprecia- 
tion and  maintenance  costs  can  be  reduced.  Can  the  high  rate 
of  piston  reciprocation  and  piston  speeds  with  corresponding 
valve  movements  be  reduced  ?  Can  the  excessive  vibration  of 
the  chassis  be  stopped  by  the  application  of  well  designed  com- 
pensating springs,  or  by  the  suspension  of  the  motor,  from  the 
chassis  ?  The  excessive  tremors  set  up  must  tend  to  make  the 
movin£r  parts  very  brittle.  The  use  of  fuel  of  lower  calorific 
value  in  cylinders  of  larger  area  may  secure  a  less  violent 
impidse  on  the  })iston,  and  the  strains  set  up  would  be  lessened. 
The  provision  of  piston  liners  easily  replaceable,  and  the  adop- 
tion of  the  principle  of  effecting  repairs  in  good  time,  will  assist 
in  prolonging  the  life  of  tlie  motor. 

Tlie  comparative  absence  of  ruts  in  the  roads,  and  the  work 
of  ploughing  through  or  rolling  over,  the  road  material,  in 
the  Reuard  system,  will  be  an  obvious  advantage  due  to  the 
distribution  of  the  load  over  the  tyres  of  the  wheels.  Again, 
each  driving  wheel  having  an  elastic  or  spring  coil,  there  can  be 
no  sudden  strain  brought  on  the  power  transmission  shaft.  The 
compression  spring  permits  the  accumulation  of  the  energy  to  a 
point  that  vrill  set  the  train  in  motion. 

As  the  effective  adhesion  of  the  Kenard  system  is  dis- 
tributed over  the  entire  length  of  the  train,  if  the  surface  of  the 
roadway  at  one  period  is  incapable  of  supplying  the  necessary 
adhesion,  the  cases  will  be  rare  in  which  it  will  be  found  that 
the  wheels  of  the  other  part  of  the  train  do  not  secure  the 
necessary  grip  on  the  r(md. 

The  Renard  System. 

Tlie  following  is  a  general  description  of  the  mechanical  road 
transport  system  of  Col.  Renard  ;  a  train  of  which  is  illustrated 
in  Fig.  2.  One  of  the  most  important  conditions  leading  to 
economy  in  all  mechanical  transport  systems,  but  more  especially 
those  running  on  roads,  is  that  the  weight  on  all  the  axles  of  a 
veliicle  or  a  train  of  vehicles  should  be  equal  or  nearly  so.  In 
ordinary  systems  of  mechanical  transport,  it  is  difficult,  and» 
indeed,  in  many  applications,  quite  impossible,  to  obtain  this 
ecpial  distribution  of  weight,  liecause  the  weight  on  the  driving 
wheels  must  be  adequate  to  secure  the  necessary  adhesion  to 
haul  the  train.  Col.  Renard  has  solved  the  problem  by  trans- 
mitting tlie  power  developed  by  the  motor  through  a  rotating 
longitudinal  shaft  to  one  axle  of  each  of  the  vehicles  that  make 
up  tlie  train.  This  rotating  shaft  is  fitted  with  universal  or 
Cardan  joints,  to  enable  the  train  to  take  curves  and  navigate 
the  tmftic  in  crowded  thoroughfares. 

The  WL'ight  of  the  motor  for  such  a  system  of  power  trans- 
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mission  need  not  therefore  be  greater  than  that  of  an  ordinary 
motor-car  of  equivalent  horse-power.  The  vehicular  units  of 
the  Eenard  train  are  usually  mounted  on  three  pairs  of  wheels, 
the  centre  pair  in  each  case  being  driving  wheels.  The  weight 
on  the  several  axles  of  such  a  vehicle  is  regulated  by  means 
of  compensating  levers,  so  that  each  axle  carries  an  equal 
portion  of  the  load,  even  when  one  pair  out  of  the  three 
paii's  of  wheels  passes  over  an  obstruction,  such  as  a  baulk 
of  timber  6  inches  high.  Equally  ingenious  is  the  steering 
arrangement  of  the  entire  train.  The  system  consists  of  an 
arrangement  of  levers,  by  ^^'hich  the  leading  and  trailing  wheels 
are  slewed  through  the  angle  necessary  to  bring  them  to  a 
position  tangential  to  the  curve  round  which  the  preceding 
vehicle  is  travelling. 

As  the  tail  end  of  the  first  vehicle  swings  round  on  the 
curve,  it  bears  on  a  tiller  rod  connecting  the  two  vehicles,  and 
turns  the  front  axle  of  the  second  vehicle  in  the  required  direc- 
tion, and  this  axle,  by  means  of  a  knuckle  joint  in  the  centre 
of  the  chassis,  turns  the  back  axle  in  the  opposite  direction. 
The  accuracy  with  which  each  vehicle  follows  in  the  track  of 
its  predecessor  is  remarkable,  the  actual  divergence  of  the  tracks 
of  the  several  wheels  seldom  being  more  than  one  inch.  To 
prevent  excessive  back  slip  of  the  inside  wheel  on  the  driving 
axle  when  the  vehicle  is  rounding  a  sharp  curve,  the  hubs  of 
these  wheels  are  fitted  wdth  compensating  springs.  The  brakes 
are  applied  to  a  drum  mounted  on  the  transmission  shaft  of  tlie 
motor,  so  that  all  the  driving  wheels  throughout  the  train  are 
braked  simultaneously. 

Description  of  the  Mechanism. 

The  transmission  shaft  of  each  vehicle  consists  of  the  parts 
1,  2,  3,  4,  and  5,  connected  together  by  universal  joints,  as 
shown  in  Figs.  4  and  5.  The  length  of  transmission  shaft 
between  two  vehicles  (not  shown  in  the  figures)  is  telescopic, 
to  allow  for  tlie  variation  in  distance  between  the  vehicles  when 
passing  over  uneven  ground,  oi-  steep  gradients.  Differential 
gearing  mounted  on  length  2  and  inclosed  in  gear  box  10,  drives 
the  countershaft  12,  whicli  in  turn  drives  the  chain  drum  1<). 
'I'his  drum  is  not  rigidly  attached  to  the  hub  of  the  road  wheel 
1.4,  the  power  being  transmitted  from  the  former  to  the  latter, 
through  the  spiral  spiing  shown  at  C,  in  Figs.  6,  7,  and  8. 
A  and  B  in  the  same  figures,  form  part  of  the  hub  of  the 
driving  wheel,  the  chain  drum  g  being  free  to  revolve  inde- 
pendently of  it.  Between  the  stud  F,  which  is  fixed  to  the 
drum  casing  G,  and  the  two  lugs  D  D  which  form  part  of  the 
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hub  of  the  wlieel,  the  spiral  spring  C  is  woinid.  Wlieu  the  diuTii 
is  revolved  by  the  driving  chain,  the  stud  F  compresses  the 
spiial  spring,  the  other  end  of  which  then  presses  on  the  higs 
D  D,  causing  the  wlieel  to  revolve.  The  play  allowed  by  trans- 
mitting the  driving  power  from  the  chains  to  the  wheel  through 
this  compensating  spring,  minimises  tlie  slip  that  would  other- 
wise occur  between  the  tyre  of  the  inner  wheel  and  the  road 
surface,  when  the  vehicle  is  travelling  round  a  sharp  curve. 
Another  good  effect  of  this  elastic  connection,  is  the  reduction 
of  the  violent  shocks  so  generally  experienced  when  motor 
'liuses  and  wagons  are  suddenly  started. 

To  insure  the  equal  distribution  of  load  over  the  three  axles 
of  the  vehicle,  the  ends  of  tiie  laminated  bearing  springs  are 
•connected  together  and  to  the  body  of  the  vehicle,  l>y  the  com- 
pensating levers  1,  2,  3,  and  4,  Fig.  3.  By  this  arrangement  all 
the  wheels  are  forced  to  bear  on  the  voad  surface  with  an  equal 
intensity  of  pressure,  even  when  one  wheel  is  raised  considerably 
above  the  other  two  l)y  the  unevenness  of  road  surface  or  the 
intervention  of  some  obstacle.  This  arrangement  enables  the 
train  to  pass  over  uneven  roads  and  even  pieces  of  timber 
6  inches  high,  without  jarring  either  the  passengers  or  the 
mechanism  of  the  train.  This  compensating  gear  is  somewhat 
similar  to  that  used  on  the  heavy  tank  engines  of  the  Metro- 
politan liailway  for  many  years. 

The  accurate  steering  of  each  vehicle  is  eflected  l)y  the 
arrangement  of  the  levers  and  links  shown  in  Fig.  9,  which 
illustration  has  been  kindly  lent  to  the  authors  by  IVre  Avfo- 
motor  Journal.  At  each  end  of  the  vehicle  a  pivoted  clutch  H 
is  mounted  on  the  frame  of  the  chassis,  and  is  connected  by 
-crank  levers  to  the  links  H.^  and  H4.  Links  H^  and  H3  form 
two  parallelograms,  one  under  the  front  and  the  other  under 
the  back  portion  of  the  chassis.  Links  H4  operate  ordinary 
Ackermann  steering  gear  attached  to  the  front  and  rear  axles  of 
the  vehicle. 

By  means  of  a  knuckle  joint  l)et\veen  the  links  llo  and  H3, 
the  direction  of  motion  of  the  parallelogram  at  the  rear  end  ot' 
the  chassis  is  reversed,  so  that  both  the  front  and  back  wheels 
•are  always  set  tangentially  to  the  curve  round  which  the  vehicle 
is  travelling.  Between  the  rear  clutch  H  of  one  vehicle  and 
the  front  clutch  of  the  next,  a  tiller  rod  is  connected.  As  the 
first  vehicle  swings  round  on  a  curve,  the  tiller  rod  operates  the 
steering  mechanism  of  the  succeeding  vehicle  l»y  deflecting 
the  clutch  H,  mounted  on  the  front  of  it. 

When  the  train  is  m(ning  forward,  the  front  clutch  H  is 
locked,  so  as  to  make  a  rigid  connection  with  the  crank  lever  : 
the  clutcli  at  the  rear  of  each  vehicle  is,  however,  unlocked  and 
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therefore  free  to  turn  through  a  considerable  angle,  so  that  the- 
steering  mechanism  of  the  second  vehicle  is  not  actuated  until 
the  rear  of  the  first  vehicle  swings  round  on  the  curve  and 
deflects  the  tiller  rod. 

Fig.  10  shows  the  brake  drum  C  mounted  on  the  transmission 
shaft  of  the  motor  chassis.  The  rod  A  is  connected  to  the  brake 
levers  controlled  by  the  driver.  This  rod  actuates  the  brake 
blocks  B,  causing  them  to  grip  the  brake  drum.  By  arresting 
the  movement  of  this  drum,  the  brake  is  simultaneously  applied 
to  the  driving  wheels  of  all  the  vehicles  of  the  train,  through  the 
metlium  of  the  transmission  shaft. 

Fuel  Consumption. 

In  the  War  Office  trials  carried  out  on  February  18,  19,  and 
20  of  the  present  year,  the  consumption  of  fuel  on  the  35  miles 
run  between  London  and  Aldershot  worked  out  at  0*35  lb.  per 
gross  ton  mile  on  the  down  journey  and  0  *  345  lb.  on  the  return 
journey.  The  gross  weight  of  the  train  and  its  load  of  bags  of 
sand  and  passengers  was  19  tons,  and  the  average  speed  from 
start  to  stop  was  5*42  miles  per  hour  on  the  down  and  6*1  miles 
per  hour  on  the  up  journey.  The  fuel  was  the  ordinary  petrol 
used  by  motor  omnibuses,  having  a  specific  gravity  of  0  *  72  and 
costing  Id.  per  gallon.  During  these  tests,  the  road  surface 
between  London  and  Egham  was  in  good  condition  and  the 
weather  was  fine.  On  the  Egham  to  Aldershot  portion  of  the 
route,  the  conditions  were  not  so  favourable,  many  long  stretches 
of  the  road  being  under  repair  and  also  soft  and  greasy  from 
rain.  The  train  ran  quite  steadily  at  10  miles  per  hour.  The 
average  speed  over  ten  consecutive  miles  was  8*7  miles  per 
hour. 

Hill  Climbing. 

A  hill  over  a  mile  long  on  the  main  road  near  Aldershot  was 
chosen  by  the  War  Office  officials  for  the  purpose  of  testing  the 
hill-climbing  capabilities  of  the  train.  The  gradient  of  this  hill 
varied  from  1  in  38  to  1  in  10,  the  average  gradient  from  top  to 
bottom  being  1  in  18*8.  The  train  easily  took  this  hill  at  an, 
average  speed  from  bottom  to  top  of  2  *  44  miles  per  hour. 


Advantages. 

Some  of  the  advantages  that  the  Eenard  system  possesses 
over  ordinary  methods  of  mechanical  road  traction  are  summed, 
up  as  follows  : — 

1.  By  the  adhesive  load  necessary  to  propel  the  train  being 
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distributed  over  one-tliird  of  the  axles  of  the  whole  train,  instead 
of  being  concentrated  on  one  axle  as  in  the  case  of  traction 
engines,  the  wear  and  tear  of  road  surfaces  and  damage  to 
bridges,  is  reduced  to  at  least  one-third.  The  heavy  driving 
wheels  of  the  ordinary  road  locomotive  not  only  crush  the 
materials  of  which  the  road  surface  is  composed,  but  by  the 
grinding  action  of  these  heavy  driving  wheels  the  crushed 
particles  of  the  road  surface  are  torn  from  their  bed.  It  is  evident 
that  by  spreading  the  adhesive  load  over  four  axles  the  damage 
to  road  surface  caused  by  both  the  above-mentioned  actions 
will  be  reduced  in  the  same  proportion. 

2.  By  the  application  of  the  brake  blocks  to  the  surface  of  a 
drum  mounted  on  the  transmission  shaft  of  the  engine,  all  the 
driving  wheels  throughout  the  train  come  under  the  action  of 
the  brake  simultaneously,  the  train  can  be  brought  to  a  stand- 
still very  quickly,  and  at  the  same  time  only  causing  a  fraction 
of  the  damage  to  road  surface  that  would  result  from  a  train  of 
similar  weight  being  stopped  by  brakes  applied  to  one  pair  of 
wheels  only. 

o.  In  a  train  of  four  vehicles,  there  are  four  pairs  of  driving 
wheels  distributed  at  equal  distances  over  the  whole  length  of 
the  train,  so  that  in  the  event  of  the  driving  wheels  of  the  first 
vehicle  getting  into  a  bad  piece  of  road  and  therefore  losing 
their  grip  on  the  surface,  tlie  remaining  three  pairs  of  driving 
wheels — some  of  which  at  any  rate,  will  probably  be  on  a  firm 
surface — will  continue  to  propel  the  train  and  push  the  first 
veliicle  over  the  soft  hole.  This  will  enable  the  train  to  take 
outlying  country  roads  (which  are  frequently  in  a  bad  state  of 
repair)  l)etter  than  any  of  the  ordinaiy  motors  and  engines 
which  depend  for  adhesion  on  one  or  more  pairs  of  driving 
wheels  concentrated  at  the  head  of  the  train. 

4.  The  elective  steering  gear  enables  many  vehicles  to  be 
run  in  one  train  with  perfect  safety  to  itself  and  the  other  traffic 
using  the  road.  The  cost  of  wages  of  drivers  and  van  men, 
wliich  at  present  forms  a  heavy  proportion  oT  the  total  money 
charges  in  all  mechanical  road  traction  methods,  can  therefore 
be  considerably  reduced. 

r>.  The  cost  of  u]>keep  and  repairs  can  also  be  reduced  con- 
siderably for  the  same  reasons,  as  there  is  only  one  engine  for 
4  or  5  vans,  and  the  engine  is  the  most  expensive  unit  to  maintiiin. 
On  the  trains  that  have  been  running  during  the  last  two  years 
in  France  the  cost  of  repairs  to  transmission  shaft  and  gearing 
on  the  other  vehicles  has  ])roved  to  be  very  small. 

t).  Th(i  introduction  of  three  pairs  of  wheels  under  each 
vehicle  with  the  load  equally  distributed  over  them,  even  on 
uneven  road  surfaces,  should  form  a  great  safeguard  against  side 
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slip.  The  behaviour  of  the  train  while  passing  round  sharp 
corners  at  considerable  speed  on  the  recent  War  Office  trials 
certainly  strongly  confirms  the  correctness  of  this  deduction. 

So  far  the  authors  have  not  had  the  opportunity  of  testing 
the  power  absorption  of  the  transmission  shaft  and  gearing,  but 
as  a  matter  of  fact,  the  shaft  per  se  can  be  easily  turned  by  hand. 
On  a  straight  run  the  loss  of  energy  should  be  comparatively 
small,  but  in  passing  round  curves,  the  opinion  of  the  authors  is 
that  the  loss  of  power  may  be  of  some  importance.  But  con- 
sidering that  the  curved  proportion  of  any  normal  road  is  small 
in  comparison  to  the  straight  part,  the  loss  of  energy  should  not 
materially  affect  the  economy  of  the  system. 

The  motor  road  train  for  goods  and  for  passengers,  in  its  full 
<levelopment  and  perfection,  will  provide  transport  facilities  for 
many  agricultural  and  mining  districts  which  would  fail  eco- 
nomically to  justify  the  construction  of  a  light  railway.  The 
system  therefore  provides  a  missing  link  in  the  available  trans- 
port systems  of  the  day. 


DISCUSSION. 

The  Chairman  said  that  the  present  was  the  first  paper  on 
the  subject  of  the  Eenard  System,  read  before  any  scientific 
society  in  this  country.  He  was  sure  that  the  members  would 
agree  with  him  that  it  was  of  great  interest  to  all  who  had  speci- 
ally to  do  with  road  traction  ;  and  it  was  also  interesting  to  those 
^\•ho  were  required  to  provide  a  road  which  would  stand  the 
blow  of  horses'  hoofs,  and  a  concentrated  load  upon  one  or  two 
M'heel  points,  and  at  the  sanie  time  afford  a  surface  which  would 
be  suitable  for  the  modern  development  of  resilient  wheels. 
He  was  sure  that  the  meeting  would  join  very  heartily  in  thank- 
ing the  authors  for  their  interesting  paper. 

The  vote  of  thanks  was  carried  by  acclamation.. 

Mr.  W.  WoRBY  Beaumont  said  that  the  main  (question 
which  lay  at  the  liottom  of  the  paper  was  the  distribution  of 
loads  over  a  number  of  vehicles,  but  before  they  came  to  that 
there  were  certain  details  in  the  paper  to  which  attention  might 
bo  drawn.  He  would  Ijegin  by  reference  to  the  author's  state- 
ment that,  "  The  regrettable  fact  of  the  hustling  propensity  is 
l»eing  proved  Ijy  the  unsatisfactor}'  structural  character  of  the 
motor-bus,  and  its  transmission  and  rolling  gearing  and  wheels, 
the  depreciation  being  actually  rated  at  20  per  cent."  It  was 
{perfectly  true  that  20  per  cent,  had  been  adopted  by  those  who 
had  b<ien  conservative  in  the  matter,  and  20  per  cent,  and  even 
more  liad  Ijeen  found  necessary  by  some  of  those  who  had  pur- 
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chased  and  used  motor  omnibuses  witliout  any  reference  to  the 
actual  character  of  the  things  which  they  were  using.  He 
did  not  think  that  it  was  necessary,  and  although  the  experience 
of  the  authors  might  give  them  a  good  foundation  for  looking 
upon  20  per  cent,  as  not  enough,  he  did  not  quite  agree  with 
them  in  that,  and  he  was  perfectly  satisfied  that  it  would  not  be 
very  long  before  a  great  deal  less  than  20  per  cent,  would  be 
sufficient  to  cover  that  which  was  properly  to  be  called  de- 
preciation. 

Of  course,  there  was  some  difference  of  opinion  as  to  what 
should  be  taken  as  depreciation.  In  a  general  way  one  took 
the  cost  of  replacing  a  vehicle  as  representing  the  total  amount 
that  had  to  be  deducted  from  tlie  earnings  so  that  they  might, 
at  the  end  of  a  certain  period,  be  in  a  position  to  replace  the 
worn  out  vehicle  free  of  cost.  It  was  perfectly  obvious 
that  if  a  vehicle  could  run  for  five  years  and  was  properly 
maintained,  so  that  it  would  run  for  five  years,  it  did  not  cease 
10  be  of  value  at  the  moment  that  the  five  years  were  up.  They 
might,  therefore,  agree  with  those  who  said  that  depreciation 
should  have  reference  to  the  value  of  the  vehicle  at  the  end  of 
the  time,  whether  to  be  used  for  the  same  purpose  or  for  other 
])urposes.  A  great  many  of  the  vehicles  used  for  street  racing 
through  London,  would  do  for  slower  work  such  as  cart  horse 
work  later  on. 

The  next  point  in  the  paper  for  notice  was  the  followin.;-. 
"  The  authors  suggest  that  the  solution  of  the  problem  of  effect- 
ing a  reduction  of  the  depreciation  and  maintenance  incubus  of 
the  motor  element  that  is  threatening  the  commercial  existence 
(jf  the  present  motor-bus,  may  be  found  in  the  application  of 
the  Heilmann  principle."  He  thought  that  no  one  could  doubt 
the  value  of  the  introduction  of  some  arrangement  that  would 
give  a  gradual  change  from  no  velocity  to  full  velocity  without 
any  steps  or  changing  of  gear  wheels  in  mesh,  and  an  arrange- 
ment such  as  was  more  or  less  fore-shadowed  by  the  Heilmann 
combination,  and  which  was  being  carried  out  by  other  means 
in  vehicles  that  were  now  under  trial,  might  have  considerable 
practical  value,  but  at  the  present  time  they  were  not  com- 
mercial. 

The  paragraph  relating  to  roads  was  one  which  he  thought 
was  at  the  bottom  of  the  whole  of  the  question,  and  the  most 
important  one  touched  upon  in  the  paper,  inasmuch  as  it  dealt 
with  the  cost  of  running  the  load  that  could  be  carried.  He 
did  not  think  that  they  could  too  often  reiterate  the  argument 
which  had  been  put  forward  from  time  to  time  as  to  the  import- 
ance to  the  whole  community  of  improvement,  to  some  extent 
in  the  construction,  but  mainly  in  the  maintenance  of  the  roads. 
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They  put  up  witli  a  very  great  deal  of  inconvenience  for  the 
sake  of  having  what  lie  called  a  good  excuse  for  a  bad  road, 
namely,  a  tramway  in  the  street  merely  for  the  sake  of  getting 
smooth  running  and  lower  tractive  resistance,  and  he  thought 
that  it  must  be  obvious  to  everybody — even  to  those  who  did 
not  remember  that  their  broughams  were  knocked  to  pieces  or 
that  their  axles  were  broken  in  the  road  by  getting  across  the 
tramways — that  it  was  highly  desirable  that  everyone  should 
begin  to  see  that  it  was  to  the  interest,  not  simply  of  those  who 
were  driving  or  using  the  vehicles,  but  to  everybody  in  the 
€Ountry,  that  proper  attention  and  proper  expenditure  should 
l3e  devoted  to  road  improvement. 

There  was  a  further  statement  on  the  same  subject  to  which 
he  would  like  to  direct  attention;  that  was  to  the  effect 
that  the  modern  transport  inventions  might  cause  a  return 
to  the  turnpike  system.  Well,  if  they  could  not  get  better 
roads  by  other  means  let  them  by  all  means  return  to  a 
toll  system  for  payment  of  upkeep  by  competent  authority, 
not  for  payment  of  road-farmers  as  in  old  days.  If  there 
was  any  one  subject  which  the  state  should  undertake  as  being 
-a  matter  of  importance  to  every  member  of  the  community 
throughout  the  whole  country,  it  was  road  construction.  There 
were  today  nearly  double  the  number  of  millions  of  people 
occupying  this  country  that  there  were  in  the  days  when  they 
began  to  employ  able  engineers  to  make  and  improve  the  roads, 
and  yet  there  had  not  been  10  per  cent,  of  new  main  roads 
made  in  the  country  since  that  time,  in  spite  of  the  enormous 
increase  in  the  population  and  corresponding  necessity  for 
increased  road  traffic  accommodation.  Therefore,  it  might 
easily  be  seen  that  a  great  deal  of  money  might  usefully  be 
spent  in  the  construction  of  new  roads  on  definite  lines. 

The  authors  had  referred  to  the  density  and  hardness  of  the 
broken  stones  used  on  the  roads,  but  he  would  point  out  that  it 
was  not  simply  a  question  of  the  hardness  or  density  of  the 
stones  used,  but  it  was  very  much  more  a  question  of  the  way 
in  which  the  stones  were  compacted  and  formed  into  a  road  sur- 
face when  they  had  been  broken  to  the  proper  size.  Unless  some 
other  means  than  those  generally  adopted  were  employed  they 
would  never  get  a  really  satisfactory  continuous  hard  or  homo- 
geneous surface.  Under  the  ordinary  system  of  completing  a 
road  surface  there  must  Ije  an  almost  continuous  recurrence  of 
the  hard  and  the  softer  places  in  a  road,  and  that  condition  and 
the  reasons  for  it  were  as  of  great  importance  as  the  materials 
which  were  selected  to  make  the  roads,  assuming  that  ordinary 
materials  were  employed. 

As  to  the  system  \\'Iiicli  the  paper  described  there  could  ])e 
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no  doubt  that  there  were  situations  in  some  countries  where  the 
system  would  be  of  service  ;  but  there  came  the  question  of  what 
were  the  suitable  circumstances,  and  where  were  the  suitable 
places.  The  system  would  not  be  useful  everywhere,  and  one 
point  to  be  considered  with  regard  to  it  and  to  closely  inhabited 
countries,  was  what  appeared  to  him  to  be  the  fact,  namely  that 
an  arrangement  of  that  kind,  which  offered  the  greatest  benefit 
when  it  was  being  used  as  a  considerable  and  a  continuously  used 
train,  offered  the  means  of  conducting  a  traffic  which  had  become 
big  enough  to  call  for  a  tramway  or  a  light  railway.  The  tram- 
way or  the  light  railway  should  be  off  the  ordinary  road  and 
therefore  relieve  the  ordinary  road  of  the  train  traffic.  The 
reduction  in  the  load  per  unit  or  per  wheel,  of  course,  must  be 
admitted  as  a  very  important  point  in  the  recommendation  of 
the  whole  system.  But  when  they  considered  the  other  points 
which  he  had  mentioned  it  would  be  undoubted,  he  thought, 
that  the  field,  or  perhaps  he  should  say  the  roads,  for  the  use  of 
this  particular  system  were  more  limited  in  number  than  might 
at  first  sight  seem,  although  it  had  been  proved  that  the  train 
could  be  used  and  had  been  used. 

Su'  John  Macdonald  said  that  he  had  looked  upon  the  in- 
troduction of  mechanical  traction  on  roads  as  of  far  more  im- 
portance to  the  commercial  interests  of  the  country  than '.for 
pleasure  driving.  He  had  for  years  been  urging  upon  the  Auto- 
mobile Club  and  the  other  organisations  connected  with  the 
system  of  mechanical  traction  on  roads,  that  they  should  devote 
themselves  to  that  part  of  the  subject  which  touched  the  com- 
mercial interests  of  the  country,  in  view  of  the  great  benefits 
which  could  be  conferred  on  the  community  by  some  good  means 
of  traction  for  the  carrying  of  agricultural  produce  and  minerals, 
and  other  goods.  Nobody  could  doubt  that  the  railways  were 
getting  very  much  congested  and  were  much  too  tyrannical  in 
the  rates  that  they  charged  our  citizens  for  the  transport  of  goods . 
While  the  foreigner  could  send  his  goods  to  this  country  and 
have  tliem  conv^eyed  100  miles  for  a  sum  which  he  would  call 
one  shilling,  the  people  on  the  spot  who  wished  to  have  their 
goods  conveyed  the  same  distance  on  the  same  line  would  have 
to  pay  perhaps  three  shillings.  That  was  a  state  of  matters  very 
serious  and  very  unsatisfactory.  He  would  like  to  see  the  roads 
revived,  not  merely  for  the  ordinary  passenger,  but  also  for  the 
purpose  of  conveying  the  goods  of  the  country  wliich  did  not  re- 
quire to  be  carried  at  a  very  great  speed.  That  was  h()]>eless 
until  they  got  the  nation  to  realize  that  we  must  have  guod  roads, 
and  that  it  was  a  subject  of  national  interest  to  have  roads  which 
would  not  form  dust  in  dry  weather,  and  mud  in  wet  weather. 
The  injury  done  by  dust  caused  a  great  deal  of  annoyance,  but 
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tlie  injury  doue  to  the  road  by  the  formation  of  mud  wa& 
infinitely  greater.  Tiie  commercial  loss  which  took  place  in 
three  months  of  wet  weather  through  the  injury  to  horses  and 
\  ehicles  and  the  delay  of  transit  caused  by  mud  would,  if  calcu- 
lated, come  out  at  a  sum  which  would  astonish  anybody  who 
heard  it. 

The  invention  of  Colonel  Eenard  seemed  to  be  very  suitable 
for  getting  over  the  present  difficulties,  but  he  felt  strongly  that 
the  road  was  the  first  question.  The  system  which  the  authors 
had  brought  forward  certainly  seemed  to  have  a  great  deal  to  re- 
commend it,  but  he  would  point  out  that  it  would  be  impossible  to 
bring  it  into  use  without  fresh  legislation.  At  the  present 
moment  it  would  be  illegal  to  take  such  a  train  along  one  of  our 
roads.  The  law  did  not  allow  more  than  three  vehicles  linked 
together  to  be  taken  along  a  road,  and  in  the  case  of  those  three, 
the  speed  was  limited  to  a  rate  which  would  be  absolutely  use- 
less for  passenger  traftic,  and  very  slow  for  goods  traffic. 

He  had  the  greatest  possible  objection  to  any  reintroduction 
of  the  tollbar  system.  That  was  the  very  worst  system,  for  those 
who  lived  within  the  bounds  of  two  tolls  paid  nothing  for  the 
roads  they  were  using  every  day  ;  and  those  who  came  into  those 
limits  were  the  people  from  whom  the  tolls  were  principally 
exacted ;  and  the  roads  on  which  tolls  were  charged  were  not  a 
bit  better  than  those  upon  which  they  were  not  charged.  The 
truth  was  that  after  the  introduction  of  railways,  the  roads  were 
neglected,  and  the  railways  absorbed  the  main  traffic  of  the 
country.  People  no  longer  used  the  roads  either  for  pleasure  or 
for  mercantile  purposes.  The  only  carts  that  went  along  them 
were  farm  carts,  and  one  might  go  for  miles  and  miles  without 
seeing  any  vehicles  on  the  roads.  Now,  however,  the  roads  were 
being  pretty  well  filled  with  vehicles;  and  to  say  that  those 
vehicles  contributed  nothing  to  the  rates  was  absolute  nonsense. 

He  believed  that  the  Eenard  train  was  as  near  a  solution  as 
could  be  got  of  the  difficulty  of  using  the  roads  without  knocking 
them  to  pieces. 

Colonel  Crompton,  C.B.,  E.E.,  said  that  during  the  last  year 
he  had  been  present  at  fourteen  meetings  where  discussions  on 
road  locomotion  had  taken  jjlace.  In  every  case  the  matter  of 
the  roads  on  which  these  vehicles  had  to  run  had  come  to  the 
front,  but  in  this  case  he  thought  the  authors  had  been  unfair  to 
mechanically  propelled  vehicles  when  they  said  that  "respect 
for  the  surface  maintenance  of  our  roadways  had  been  considered 
to  be  a  negligible  quantity.  The  effect  of  this  want  of  considera- 
tion is  forcing  forward  the  question  for  Parliament  of  new  Acts 
to  safeguard  the  highways,  and  to  secure  the  cost  of  their  main- 
tenance being  borne  by  the  users  of  such  highuays." 
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He  regretted  this  should  have  been  said  as  it  was  not  true, 
and  did  not  truly  state  the  cause  of  Parliamentary  interference 
beinii  considered  necessary.  In  every  one  of  the  fourteen  dis- 
cussions he  had  alluded  to,  all  persons  had  agreed  that  one  of 
the  most  important  effects,  that  the  newly  awakened  interest  in 
mechanically  propelled  vehicles  running  on  our  highways  had 
been,  to  call  attention  to  the  fact  that  the  highways  themselves 
were  in  a  bad  state,  not  so  good  as  they  were  in  the  coaching 
days,  and  engineers  generally  were  agreed  that  tlie  time  had 
come  for  the  highways  themselves  to  be  greatly  improved. 

The  experimental  work  which  had  been  carried  out  during 
late  years  to  toughen  or  consolidate  the  top  of  the  road  metal  so 
as  to  hold  the  materials  firmly  in  place,  not  only  in  wet  weather 
but  also  in  extremely  dry  weather,  had  been  to  show  that  there 
was  a  reasonable  prospect  of  such  consolidation  being  satisfac- 
torily performed,  and  that  thereby,  not  only  the  dust  nuisance, 
but  also  the  cost  of  maintenance  of  the  roads  themselves  would 
be  greatly  lessened.  In  the  case  of  the  metropolitan  omnibuses 
referred  to,  one  great  cause  of  the  noise  and  rattle  complained 
of  was  the  very  bad  state  of  the  surfaces  of  parts  of  the  roads 
over  which  they  had  to  run. 

This  evening,  for  the  first  time,  a  system  of  road  locomotion 
was  put  forward  which  seemed  likely  to  greatly  reduce  the  cost 
of  road  maintenance  on  four-fifths  of  the  highways  of  the  United 
Kingdom.  The  Eenard  train  described  showed  the  first  serious 
attempt  to  distribute  the  weight  to  be  carried  over  a  greater 
number  of  wheels,  and  to  distribute  the  driving  stresses  also 
over  a  greater  number  of  wheels.  These  two  stresses  taken 
together,  were  the  two  factors  which  determined  the  wear  and 
tear  of  a  road,  and  consequently,  eventually  determined  the 
wear  and  tear  of  the  vehicle  itself,  as,  if  the  road  itself  was 
maintained  in  good  order,  it  re-acted  on  the  vehicle  by  reducing 
the  wear  and  tear  of  the  veliicles  themselves. 

Another  good  point  in  the  Eenard  train  was  the  introduction 
of  six  wheels  to  each  vehicle.  Every  railway  engineer  knew 
that  he  could  not  allow  four-wheeled  locomotives  to  run  over 
his  system,  as  a  four-wheeled  engine  could  not  stand  upon 
three  wheels,  whereas  a  six-wheeled  vehicle  could  stand  upon 
five  wheels.  It  followed  that  although  any  wheel  of  the  four- 
wheeled  engine  must  necessarily  fall  down  into  any  liole  or 
depression  in  the  rails  or  road,  it  was  not  necessarily  the  case 
with  the  six-wheeled  engine,  as  the  wheel  over  the  hole  or 
depression  need  not  go  down  into  it,  the  weight  of  the  engine 
remaining  distributed  over  the  other  five  wheels. 

For  those  reasons  he  wished  success  to  the  Kenard  system, 
which  was  well  suited  to  carry  loads  over  weak  roads.     He  had 
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Stated  that  four-fifths  of  the  roads  of  England  were  weak  roads. 
By  that  he  meant  that  they  are  formed  with  a  fair  or  good 
surface  but  with  little  or  no  foundation  underneath  the  coating 
of  metal.  Such  roads,  although  they  could  stand  light  traffic, 
suffered  heavily  when  mechanical  traction  carrying  heavy 
weights  on  the  older  systems  was  run  on  them.  On  good  roads 
having  a  good  foundation,  mechanical  haulage  could  be  carried 
out  on  the  older  systems  without  the  roads  being  damaged, 
but  with  weak  roads  without  foundation  the  case  was  different. 
When  heavy  weights  were  brought  on  to  them  either  in  the 
traction  engine  wheels  or  on  the  wagon  wheels  following  them, 
the  weight  of  the  engine  simply  depressed  a  slice  of  the  road 
equal  in  width  to  the  width  of  the  wheels,  and  thereby  ruts 
were  formed  and  the  road  surface  became  broken  up.  That 
effect  was  avoided  by  the  Eenard  train,  for  the  weights  on  each 
of  the  wheels  would  be  so  low  that  all  existing  weak  roads 
could  carry  those  weights  without  additional  strengthening.  It 
was  easy  to  see  the  enormous  saving  in  the  cost  of  reconstruc- 
tion of  roads  if  tliis  necessity  of  putting  in  better  foundations 
to  our  weak  roads  could  be  avoided. 

The  idea  of  a  train  of  long  wagons  drawn  by  an  engine  was 
not  new ;  he  had  conducted  the  Government  steam  train  in 
India  from  1869  to  1875,  and  had  run  trains  of  19  wagons  in 
addition  to  the  engine.  They  were  very  successful  with  those 
long  trains,  but  they  had  not  the  advantage  of  the  steering 
arrangements  of  Colonel  Eenard  which  had  been  perfected  by 
Mons.  Sourcouf.  Therefore,  whenever  they  exceeded  a  certain 
speed,  any  irregularities,  or  side  sway  of  the  engine  were  exag- 
gerated at  the  back  of  the  train,  so  that  at  the  higher  speeds, 
such  as  when  descending  long  inclines,  the  end  of  the  train 
began  to  sway  about  like  the  tail  of  a  kite  and  occasionally  the 
couplings  of  the  last  wagons  were  broken  and  the  wagon  seri- 
ously damaged,  which,  of  course,  added  to  what  the  authors  call 
the  maintenance  cost  of  the  system. 

It  was  evident  that  the  six-wheeled  vehicles  used  had 
greatly  reduced,  if  not  entirely  prevented,  the  liabilities  to  side- 
slip, and  that  had  been  corroborated  by  experiments  which  the 
Automobile  Club  had  been  recently  making  in  some  of  their 
competitive  trials,  in  which  the  six-wheeled  omnibus  did  not 
make  those  gyratory  movements  which  we  had  been  accus- 
tomed to  associate  with  a  motor-omnibus. 

Another  point  the  authors  had  touched  upon,  and  which  he 
corroborated  was,  that  the  Eenard  train  would  not  be  brought 
to  a  standstill  by  a  sliort  greasy  bad  place  in  the  road,  where, 
on  account  of  defective  adhesion,  the  ordinary  train  could  not 
proceed.     In  the  late  Cape  war,   during  the  rainy  season  in 
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Xatal,  traction  engines  were  much  limited  in  usefulness  by  wet 
and  slippery  places  occurring  on  the  routes  taken  by  the  army. 
The  authors  had  pointed  out  that  the  Eenard  train  overcame 
that  difficulty,  as  the  propelling  power  being  distributed  over 
the  wliole  of  the  train,  the  adhesion  only  of  that  pair  of  wheels 
immediately  over  the  slippery  place  was  lost,  but  the  adhesion 
of  the  remaining  wheels  on  the  firm  ground  was  sufficient  to 
propel  the  train  through  the  bad  place. 

He  was  sorry  to  differ  from  so  great  a  legal  authority  as 
Sir  John  Macdonald,  but  he  thought  that  the  Eenard  train 
could  be  steered  through  the  Act  of  Parliament  easier  than  the 
proverbial  coach  could  be  driven  through  it,  as  the  coaches  of 
which  the  Eenard  train  consisted  were  not  trailers,  but  were 
each  of  them  self-propelled  vehicles. 

Mr.  Harry  S.  Foster  said  that  he  had  a  considerable  interest 
in  the  Eenard  train,  as  he  was  more  or  less  responsible  for  its 
introduction  into  this  country.  Mr.  Beaumont  suggested  that 
the  use  of  that  train  would  be  limited  in  the  possible  field  for 
its  operation,  and  that  it  might  be  useful  in  some  places,  while 
it  would  not  be  in  others.  When  he  (the  speaker)  first  made 
the  acquaintance  of  the  train,  his  first  impression  was  that  it 
might  be  of  very  great  use  in  our  colonies,  and  in  many  other 
countries  which  were  not  covered  with  a  network  of  railways, 
but  that  it  would  be  limited  to  such  places.  Since  then  he 
had  had  reason  to  alter  his  opinion,  and  he  was  astonished  to 
learn  from  such  organisations  as  the  Agricultural  Organisation 
Society,  that  there  were  many  places  in  England  that  were 
practically  out  of  the  world  through  being  without  railway 
communication.  He  had  been  told  that  in  such  places  the 
introduction  of  the  Eenard  train  system  would  be  a  great  boon. 

One  advantage  which  struck  liim  was,  that  a  great  many  of 
our  branch  railways  had  been  constructed,  not  because  it  was 
expected  that  they  would  pay  in  themselves,  so  much  as  that 
they  would  serve  as  feeders  of  the  great  trunk  lines.  Those 
who  observed  the  expenditure  of  capital  from  time  to  time  on 
branch  lines,  had  learned  long  since  that  the  branch  lines  had 
often  been  an  incubus,  rather  than  an  addition  to  the  revenues 
of  tlie  company,  as  far  as  dividends  were  concerned.  Their 
immediate  commercial  results  had  been  small  and  unsatisfactory, 
because  of  the  very  heavy  capital  outlay  involved  in  the  pur- 
chase of  the  land,  and  the  construction  of  a  heavy  permanent 
way  and  of  bridges,  not  merely  for  the  purpose  of  carrying  the 
carriages  and  trucks,  Imt  for  the  purpose  of  supporting  the 
heavy  locomotive  engines  wliicli  were  necessary  for  the  ])urpose 
of  starting  and  hauling  the  train.  In  tlu*  Eenard  train,  how- 
ever, there  was  no  capital  outlay  required  for  the  construction 
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of  the  line.  Railway  companies,  by  starting  such  a  system  as 
that  of  the  Eenard  train  could  remedy  a  mistake,  if  they  made 
one,  because,  if  they  found  that  the  traffic  between  two  places 
did  not  pay,  they  would  have  simply  to  move  their  train  some- 
where else. 

A  point  about  which  he  w^ould  speak  with  the  greatest 
deference,  was  the  opinion  which  had  been  expressed  by  Sir 
John  Macdonald.  He  (Mr.  Foster)  had  had  his  attention  called 
more  than  once  to  the  Act  to  which  Sir  John  Macdonald  re- 
ferred, and  he  had  discussed  the  matter,  not  only  with  laymen, 
but  even  with  members  of  His  Majesty's  Government ;  and  it 
had  been  pointed  out — and  he  believed  truly — that  all  the 
existing  Acts  were  framed  with  a  view  to  the  necessity  of  regu- 
lations for  controlling  traffic  on  roads,  where  traffic,  in  the  shape 
of  trailers,  was  liable  to  misbehave  itself  in  the  way  that  Colonel 
Crompton  had  mentioned  with  regard  to  the  rear  wagons  of  his 
trains  in  India.  None  of  those  Acts  contemplated  such  a  system 
as  the  Eenard  train  system,  w^here  the  various  units  of  the  train, 
were  under  complete  control  from  start  to  finish,  and  where  each 
unit  of  the  train  followed  in  the  exact  track  of  its  predecessor, 
whether  going  straight,  or  turning  a  corner. 

He  ventured  to  think  that  the  definitions  laid  down  in  the 
existing  Acts,  and  particularly  the  regulations  issued  by  the 
Local  Government  Board,  would  not  be  held  to  apply  in  the  case 
of  the  Eenard  train,  for  in  each  case  the  regulations  applied  to 
trailers,  and  a  trailer  was  very  precisely  defined  in  the  statutory 
rules  issued  by  the  Local  Government  Board,  as  being  a  vehicle 
which  was  drawn.  With  the  Eenard  train,  there  was  no  haul- 
ing by  an  engine  with  so  many  trailers  following  it,  which  was 
one  of  the  things  that  led  to  road  destruction.  In  the  Eenard 
system,  there  was  an  even  movement  of  the  whole  train.  Each 
unit  of  the  train,  by  the  very  nature  of  the  mechanism,  was  com- 
pelled to  start  simultaneously,  so  that  the  moment  that  the  first 
shaft  began  to  move,  each  unit  of  the  train  must  move  forward. 

Mr.  A.  E.  Sennett  said  that  the  description  of  the  Eenard 
system  suggested  to  him  a  conundrum,  namely,  "When  is  a 
trailer  not  a  trailer "  ?  As  for  himself  he  would  have  been 
inclined  to  have  answered  *'  When  it  is  in  a  Eenard  train." 
He  was  therefore  a  little  disappointed  when  Sir  John  Macdonald 
told  them  that  he  was  afraid  that  the  introduction  of  such  an 
ingenious  system  would  necessitate  new  legislation  ;  but  he  was 
rather  relieved  when  Colonel  Crompton  brought  forward  the 
opposite  view,  and  also  when  he  heard  the  very  clear  way  in 
which  Mr.  Foster  put  the  matter. 

Mr.  Worby  Beaumont  had  touched  upon  the  important 
point  as  to  the  places  in  which  the  Eenard  train  would  be 


THE    RENARD    AXD    SOURCOUF    ROAD-TRAIN    SYSTEM.  69 

useful.  He  thought  that  the  largest  field  for  that  system  of 
traction  would  be  found  in  connection  with  agriculture.  Sir 
John  Macdonald  had  touched  upon  a  point  which  had  cropped 
up  periodically  in  the  newspapers,  in  which  indignant  letters 
appeared  asking  why  it  was  that  British  agricultural  produce 
had  to  pay  a  higher  rate  on  the  railways  than  foreign  produce. 
There  was  a  very  good  reason  for  this.  He  did  not  think  that 
the  average  British  railway  director  was  so  thoroughly  unpatriotic 
that  he  wished  to  subject  the  British  farmer  to  excessive  rates, 
and  to  treat  him  less  favourably  than  the  foreign  competitor. 
The  higher  rates  could  not  be  avoided  because  the  British  farmer 
sent  his  produce  in  such  small  quantities ;  and  he  thought  that 
that  fact  would  give  the  Renard  train  a  very  large  field.  Time 
after  time  chairmen  and  managing  directors  of  railways  had 
written  to  say  that  they  would  give  the  English  farmer  precisely 
tlie  same  rates  as  were  charged  for  goods  arriving  by  ship,  if  they 
would  only  guarantee  a  train  load,  or  half  a  train  load,  or 
a  quarter  of  a  train  load  at  each  station.  The  cost  of  trans- 
porting agricultural  produce  depended  not  only  upon  the  actual 
cost  of  liaulage,  but  upon  the  cost  of  handling  the  goods.  To 
reduce  that  to  the  minimum,  he  would  suggest  the  following 
system  in  connection  with  the  Benard  train  for  agricultural 
produce.  It  should  consist  of  a  number  of  vehicles,  the  Ijodies 
of  which  should  be  detachable  and  made  sliglitly  smaller  than 
the  standard  railway  wagon.  The  tractor  should  carry  a  gib 
or  crane  capable  of  lifting  one  of  tlie  bodies.  On  arrival  of  the 
road  train  at  the  railway  station,  the  tractor  vehicle  would  be 
detached,  and  one  by  one,  the  bodies  of  the  vehicles  forming  the 
Renard  train  would  be  detached,  picked  up  by  the  travelling 
crane  and  dropped  into  the  railway  wagons  standing  at  the 
siding.  By  such  means  perisiiable  goods  could  be  got  to  market 
very  quickly  without  resort  to  the  clumsy  and  time-absorbing 
practice  of  throwing  or  shovelling  everything  out  from  the 
road  vehicles  into  the  railway  trucks.  Such  a  system  would 
immediately  give  railway  companies  an  opportunity  of  reducing 
rates.  The  carriage  of  agricultural  produce  would  be  one  of  the 
great  fields  open  to  the  Renard  train  especially  when  acting  as 
a  feeder  to  railways. 

When  a  comparison  was  drawn  between  light  railways  and 
road  traction,  there  was  a  point  which  seemed  to  be  always 
forgotten.  It  was  that  in  road  traction  they  were  dealing  with 
what  one  might  call  "house  to  house"  delivery;  whilst  on  a 
light  railway  they  had  to  carry  the  produce  first  to  a  station  on 
the  light  railway,  and  then  to  take  it  from  that  station  on  to 
the  trunk  line,  and  thirdly  to  deliver  by  horse  haulage  from  the 
terminal  station  to  the  market. 
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Mr.  Edwin  Henwood  said  that  he  fully  approved  of  the 
Eeiiard  system.  There  were  many  places  which  were  without 
railway  communication,  the  produce  of  which  could  be  far  more 
effectively  brouglit  into  the  towns  for  consumption,  by  the 
Eenard  train,  than  it  w^as  at  the  present  time.  There  was 
a  very  important  point  which  should  be  considered,  and  that 
was  the  right  system  for  absorbing  vibration.  The  outside  of 
the  wheel  was  not  the  right  place  at  which  to  put  the  resilient 
material.  Even  authorities  in  this  country  said  that  the  rubber 
tyre  was  pressed  into  the  macadamised  road,  and,  as  it  was  re- 
lieved from  pressure,  it  sucked  up  the  road  surface,  and  left  a 
rut  behind  it.  Therefore,  the  Local  Government  Board  were 
very  much  concerned  to  find  a  resilient  wheel  having  a  wooden 
tread  or  tyre  which  would  not  injure  the  road  surface.  In 
resilient  wheels,  it  was  quite  possible  to  put  300  or  400  cubic 
inches  of  rubber,  always  cushioning  the  axle  so  that  the  increased 
comfort  of  passenger  would  be  very  great.  If  they  took  the 
cubic  content  of  rubber  employed  as  twin  tyres — at  the  point 
of  impact  with  the  road — on  the  back  wheel  of  a  motor-bus,  as- 
suming that  two  tons  was  the  weight  on  the  axle,  it  might  be 
fairly  said  that  the  amount  of  rubber  compressed  did  not  exceed 
4  cubic  inches  or  thereabouts.  Let  it  be  taken  at  8  cubic 
inches,  and  they  would  then  get  about  4400  lb.  weight  into^ 
8  cubic  inches  which  gave  560  lb.  pressure  per  cubic  inch  on 
the  rubber.  If  they  had  400  cubic  inches  of  rubber  inside  the 
wheel,  they  would  reduce  the  weight  upon  the  rubber  inside,  to 
the  ridiculously  small  amount  of  11  lb.  per  cubic  inch  ;  and,  in 
addition  to  other  advantages,  they  would  get  a  resilient  drive. 

The  authors  stated  that  Colonel  Eenard  fully  considered  the 
distribution  of  the  load  over  three  pairs  of  wheels  as  preferable 
to  the  usual  method,  with  a  view  to  the  avoidance  of  stone 
crushing;  but  inasmuch  as  any  good  macadamised  road  was 
pressed  into  a  fairly  solid  mass  by  a  heavy  road-roller,  there 
need  be  no  fear  of  pulverising  the  surface  if  a  softer  material — 
such  as  end  grain  timber — be  employed  on  the  tread  of  the 
wheel.  By  such  means  erratic  side-slipping  of  heavy  motor- 
cars might  be  largely,  if  not  entirely,  obviated. 

Mr.  W.  H.  Booth  said  that  he  wished  to  emphasise  the 
I'emarks  made  with  regard  to  the  question  of  trailers.  The 
legislation  which  limited  road-trains  to  three  vehicles  was 
rendered  necessary,  simply  because  the  ordinary  drawn  vehicle 
would  run  freely  from  one  side  to  another  and  shake  itself  in 
pieces  and  shake  the  whole  train  in  pieces  at  a  very  low  speed ; 
but,  in  the  Eenard  train,  that  difficulty  was  entirely  got  over 
by  the  system  of  linkage  which  enabled  the  vehicles  to  follow 
one  another  with  accuracy. 


I 


I 


THE    RENARD    AND    SOURCOUF    ROAD-TRAIX    SYSTEM.  71 

The  transport  arrangements  of  this  country  had  three 
different  aspects.  There  was  the  aspect  of  the  main  line  to  the 
railway ;  there  was  the  aspect  of  tlie  cross  line  to  the  railway ; 
and  there  was  the  road  aspect.  For  some  years  he  saw  a  great 
deal  of  the  road  aspect  of  the  country,  and  he  found  hundreds 
of  spots  which  nobody  knew  anything  about,  or,  at  least,  it 
appeared  that  nobody  knew  anything  about  them,  and  he 
himself  had  never  known  anything  about  them  before.  They 
were  away  on  by-roads,  such  roads  as  could  not  be  run  upon  by 
any  heavy  traction  vehicle,  and  yet  could  be  run  upon  by  the 
Eenard  train.  They  were  far  away  from  the  railways,  and  yet, 
all  along  those  roads,  there  were  entrances  to  farms.  There 
was  traffic  to  be  got  from  those  farms  which  would  feed  the 
railways  for  some  distance  and  would  also  feed  the  small 
market  towns  which  were  scattered  up  and  down  the  country. 

Mr.  W.  Pollard  Digby  said  that  in  their  resume  of  con- 
tinental progress  with  regard  to  mechanical  road  traction,  he 
thought  the  authors  might  have  made  some  allusion  to  the 
Schieman  system  of  railless  electric  traction,  which  did  not 
involve  the  use  of  petrol  or  steam  on  the  cars,  but  was  a  system 
of  electric  traction  on  roads  without  rails  and  without  storage. 
It  had  the  unfortunate  drawback  that  two  trolley  wires,  one  for 
the  positive  and  one  for  the  negative  lead,  had  to  be  carried 
over  the  road,  and  therefore  a  couple  of  trolley  poles  were 
required  for  the  tractor  vehicles.  He  had  visited  Dresden  to 
inspect  the  Schiemen  system  running  from  Konigstein  up  the 
Biela  Valley.  An  omnibus  with  one  electric  motor  was  equipped 
with  two  trolley  poles  and  dragged  behind  it  certain  trailer  cars, 
taking  up  coal  and  raw  material  to  the  factories  in  the  valley, 
and  bringing  back  tlie  finished  product. 

That  system  seemed  to  him  fairly  full  of  promise  where  the 
traffic  was  sparse  and  irregular.  Of  course,  where  heavy  loads 
arose,  it  would  be  necessary  to  add  a  specially  prepared  track 
for  an  electric  traction  system.  The  defects  of  the  Schieman 
system  woula  therefore  be  its  somewhat  inelastic  nature.  One 
or  two  other  installations  had  since  been  attempted,  in  par- 
ticular one  in  Westphalia.  In  the  installation  at  Konigstein 
the  electrical  energy  was  obtained  from  a  small  waterfall  with 
storage  batteries  to  take  heavy  rushes  of  current  upon  starting. 
So  far  as  he  could  ascertain,  he  believed  that  the  energy  con- 
sumption per  ton-mile  hauled  would  be  about  double  that  of  a 
well  laid  tramway  track. 

As  to  tlie  lienard  road-train,  he  would  ask  the  authors 
whether  the  rotated  longitudinal  shaft  with  its  universal  joints 
was  an  absolutely  essential  feature.  Why  should  they  not  use 
a  petrol  engine  to  drive  a  dynamo  on  the  tractor  vehicle,  and 
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electric  motors  for  the  trailer  vehicles,  with  control  from  the 
driver's  seat  on  the  leading  wagon  ?  It  would  then  seem  to 
be  possible  to  maintain  the  articulated  mechanism  of  the  Eenard 
train,  and,  in  place  of  the  central  shaft  with  its  universal  joints, 
employ  flexible  electric  cables  conveying  the  current  to  motors 
on  the  driving  axles  of  the  six- wheeled  trailer  vehicles. 

Mr.  George  A.  Goodwin  said  that  he  should  like  to  mention 
a  point  relative  to  the  question  whether  the  law,  as  it  at  present ' 
stood,  would  allow  the  Renard  train  to  be  worked,  when  it  con- 
tained more  than  the  prescribed  number  of  trailers.  He  did 
not  think  that  it  was  a  question  at  all  as  to  whether  the  system 
worked  perfectly  or  not.  After  the  remarks  of  Colonel  Crompton, 
he  took  it  that  the  train  would  keep  in  alignment,  although,  as 
he  had  not  seen  it,  he  could  not  quite  understand  the  action. 
He  did  not  think  that  the  train  would  be  allowed  on  public 
highways,  unless  the  law  was  amended.  Several  speakers  had 
admitted  that,  if  in  running  along  a  road,  one  of  the  wheels  of 
the  driving  axles  got  into  a  hole  or  slippery  place  so  that  it  did 
not  get  a  hold,  then  one  of  the  vehicles  at  the  back  would  push 
it  forward.  Now,  if  that  hole  was  under  one  of  the  driving 
wheels  of  one  of  the  rear  vehicles,  then  the  front  ones  would 
certainly  pull  it,  and,  under  those  conditions,  the  rear  vehicles 
would  be  trailers  for  the  time  being.  The  question  consequently 
arising  was,  "  When  is  a  trailer  not  a  trailer  ?  "  While  the 
answer  was,  "  It  was  not  a  trailer  when  one  set  of  driving  wheels 
on  a  front  vehicle  was  not  gripping  the  road." 

Mr.  Thwaite,  in  reply,  said  that  the  discussion  had  been  so 
prolonged  that  it  was  impossible  for  him  to  do  justice  to  it  in  a 
verbal  reply  in  the  time  left  at  his  disposal.  He  would  therefore 
send  in  a  written  reply  to  the  secretary.  There  were,  however, 
a  few  points  to  which  he  would  reply  at  once.  He  agreed  with 
Mr.  Worby  Beaumont,  that  the  road  question  was  an  important 
one.  It  was  so  when  our  country  was  under  the  domination  of 
Komans,  and  when  Napoleon,  who  simply  followed  the  Eoman 
state  system,  was  in  power,  he  also  made  the  road  question  an 
important  and  national  one,  and  from  his  day,  engineers  in 
France  liad  made  roads  which  everybody  admired.  There  was 
no  problem  of  back  to  the  land  in  France.  He  considered  that 
the  ([uestion  of  roads  was  not  a  local  question  at  all,  but  one  of 
national  importance.  Eoads  ought  to  be  nationalised,  but  if  they 
were  nationalised,  would  it  not  be  a  duty  to  adopt  a  vehicular 
system  which  would  do  justice  to  them  ?  The  Kenard  system 
was  the  most  serious  attempt  to  do  justice  to  the  adhesive 
quality  of  the  roads.  The  traction  system  with  its  heavy 
weights  and  wheels  was  about  the  worst  possible  system  for  the 
roads,  whether  they  were  bad  or  good  ones.     The    better  the 
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roads,  the  better  should  be  the  vehicles  using  them.  That  was 
an  axiom  of  road  maintenance. 

Another  point  was  the  differentiation  between  the  trailer 
and  the  Renard  unit  propulsion  system.  The  Renard  system 
was  not  a  trailer  system,  and  he  did  not  think  that  the  Highways 
Acts  would  apply  to  it.  The  trailer  system  had  been  explained 
by  Colonel  Crompton.  It  was  a  non- vertebrate  system — a 
system  without  a  backbone.  The  trailer  waggled  about  all  the 
time,  but  in  the  unit  self- propulsion  or  Renard  system  tliey  had 
a  rotative  backbone  which  guided  the  train,  and  that  differen- 
tiated it. 

The  following  reply  was  subsequently  received  from  Messrs. 
Thwaite  and  Thorp  : — 

The  entire  tendency  of  the  present  stage  of  the  evolution  of 
the  mechanical  system  of  mechanical  road  transport,  is  in  the 
direction  to  justify  the  formation  of  special  roads  for  motor 
methods  of  transport,  and  Mr.  Thwaite's  scheme  of  trunk  motor 
ways  formulated  several  years  ago,  appears  to  be  within  range 
of  practical  initiation. 

We  are  glad  Mr.  Beaumont  confirms  the  importance  of 
Heilmann's  pioneer  invention.  Dr.  John  Hopkinson  tliought 
highly  of  it ;  it  has  certainly  intrinsic  merits  that  are  well  worthy 
of  the  serious  attention  of  Students  of  Railway  transport  science, 
and  its  adaptability  to  the  electric  drawing  of  railway  coaches 
and  wagons  constitutes  a  claim  for,  at  least,  experimental  applica- 
tion, as  an  alternative  to  line  electrification. 

As  regards  road  construction,  in  the  future,  more  justice  will 
be  done  to  the  elastic  and  waterproofing  qualifications  of  de- 
hydrated tar.  With  this  agent  and  a  suitable  method  of  appli- 
cation there  should  be  little  difficulty  in  effecting  the  construc- 
tion of  a  perfect  road. 

Certainly  in  some  applications  the  Renard  train  may  serve 
as  a  pioneer  for  a  railway,  and  the  railway  companies  will  be 
quick  to  realise  its  value  in  this  respect.  The  first  cost  of  a 
light  railway  service  will  be  at  least  ten  times  that  of  a  Henard 
service,  besides,  if  the  traffic  resulting  proves  numerically  in- 
sufficient to  secure  financial  success,  the  train  can  be  removed  to 
other  spheres  of  usefulness.  Whereas  with  a  railway  or  tram- 
way such  a  contingency  would  be  disastrous. 

A  serious  study  of  the  British  and  Irish  railway  system  will 
demonstrate  that  there  are  scores  of  missing  links  which  the 
Renard  system  is  well  adapted,  to  filling  up,  to  the  advantage  of 
both  the  public  and  the  railways.  Sir  John  Macdonald  in  his 
remarks  emi»hasised,  the  fact  of  the  high  railway  traffic  burdens 
of  our  commercial  community.  Unfortunately  the  incubus  ot 
pioneering  enterprise,  the  excessive  cost  of  land,  the  parliamentary 
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and  illegal  costs,  and  the  safety  regulations  of  the  Board  of 
Trade  have  all  combined  to  make  the  cost  of  our  railway  systems 
exceptionally  heavy,  the  Renard  system  will,  however,  help  the 
agricultural  areas  in  the  matter  of  traffic  economy. 

In  reply  to  Colonel  Crompton,  the  authors  would  observe 
that  the  opinion  of  road  surveyors  on  the  effect  of  traction 
engines  was  pretty  well  known  long  before  the  advent  of  the 
car;  and  the  effect  of  the  pneumatic  tyre  on  road  surfaces, 
disturbed  by  the  impact  of  the  horses'  hoofs  is,  and  has  been  for 
a  long  time,  the  constant  subject  of  discussion  and  complaint 
by  road  surveyors  and  rural  authorities,  so  that  the  authors 
must  be  pardoned  for  holding  to  their  opinion  that  the  cry  of 
the  road  surveyors  for  the  protection  of  the  roads  is  prompting 
legislative  action.  The  authors  are  interested  in  the  statement 
by  Colonel  Crompton  that  our  roads  are  not  kept  in  such  a  good 
state  of  repair  as  in  the  old  coaching  days.  The  clear  differen- 
tiation of  the  Eenard  train  from  the  ordinary  trailer  system, 
should  prevent  any  future  misconception. 

Mr.  H.  S.  Foster's  remarks  are  very  instructive.  The 
authors  recognised  from  the  first  how  valuable  the  Renard  road 
transport  system  would  prove  to  be  in  coupling  up  the  market 
towns  of  agricultural  areas  to  the  railways  that  were  not  served, 
partly  owing  to  the  opposition  of  many  of  the  landlords  in  the 
pioneer  days  of  railways.  As  Mr.  Foster  remarks,  the  Govern- 
ment in  framing  the  Acts  regulating  road  traffic  had  no  know- 
ledge of  a  mechanical  road-train  transport  system  with  a  sequence 
uf  self-propelled  wagons,  steered  with  the  perfect  control  of  a 
single  vehicle. 

Mr.  Sennet's  remarks  are  very  pertinent.  The  suggested 
detachable  frame  will  probably  be  adopted,  where  practicable, 
in  connection  with  the  application  of  the  Renard  system  as  a 
feeder  for  railways.  The  house-to-house  delivery  facilities  pos- 
sessed by  the  Renard  system  is  an  advantage  of  great  commercial 
importance.  In  this  connection,  Mr.  W.  H.  Booth's  remarks 
relating  to  the  highways  and  byway  road  communications  to 
our  farms,  flour  mills,  etc.,  are  very  instructive. 

In  reply  to  the  remarks  by  Mr.  Pollard  Digby,  the  authors 
would  observe  that  the  railless  electric  road  motor  has  not  been 
overlooked  by  them,  but,  as  pointed  out,  tlie  inelasticity  of  the 
system  is  one  disadvantage,  and  the  imperfect  steering  is  another. 
I>esides,  an  Act  of  Parliament  would  practically  be  required  for 
permission  to  erect  the  electric  transmission  lines.  The  sugges- 
tion to  adoj)t  electrical  unit  propulsion  plus  the  Heilmann 
]»rincip]e  as  the  actuation,  and  in  condonation  with  the  Renard- 
Sourcouf  steering  gear  has  already  received  the  consideration  of 
the  authors,  and  it  certainly  constitutes  one  of  the  possibilities 
of  the  system. 
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Mr.  Goodwin's  remarks  are  not  surely  meant  to  be  taken 
seriously.  Certainly,  if  both  the  rear  wagon  driving  w^heels  ran 
into  a  hole,  then  for  a  second  the  rear  wagon  would  be  trailed, 
but  then,  and  for  a  second,  it  would  be  the  only  trailer  in  the 
train,  because,  if  the  drivers  of  the  other  wagons  ran  into  holes 
they  would  not  be  trailers,  because  they  would  be  impelled  by 
the  rear  wagon. 

The  following  communication  was  received  from  Mr.  Francis 
G.  Bloyd  subsequently  to  the  reading  of  the  paper  : — 

I  thoroughly  agree  with  the  statement  contained  in  the 
opening  sentence  of  the  paper,  but  I  am  not  altogether  in 
accord  with  the  authors'  opinion  that  the  problem  would  be 
solved  by  providing  an  economical  and  rapid  method  of  road 
transport  between  the  towns  and  the  land,  because  I  fear  tliis 
very  means  of  transport  would  in  many  cases  defeat  the  object 
in  view.  It  would  be  far  more  likely  to  tempt  the  country 
labourer  to  seek  work  in  the  town,  where  higher  wages  naturally 
])revail,  rather  than  induce  the  dwellers  in  the  town  to  find 
employment  out  in  the  country.  I  suggest,  therefore,  that  it 
would  have  been  better  to  have  based  the  need  of  improved 
means  of  transport  on  somewhat  broader  grounds,  say,  as  a 
means  of  feeding  existing  carrying  agencies,  or  of  enabling 
dwellers  in  outlying  districts  to  reach  the  larger  centres  of 
population. 

Keference  is  made  to  a  paper  on  canals  read  by  Mr.  Thwaite 
before  the  Society  in  1905,  a  paper  which  1  had  the  pleasure  of 
hearing,  also  of  taking  a  part  in  the  discussion  thereon.  In  that 
paper,  Mr.  Thwaite  expressed  the  opinion  that  the  progress  of 
canals,  as  transporting  mediums,  had  been  seriously  checked, 
if  not  altogether  killed,  by  the  jjolicy  of  railway  companies,  and 
in  the  present  paper  the  authors  advance  the  view  that  railway 
com})anies  have  adopted  a  similar  policy  against  mechanical  road 
transport.     I  do  not,  however,  agree  with  that  view. 

Tlie  Act  for  the  construction  of  the  first  passenger  railway 
in  England,  the  Liverpool  and  Manchester  line,  was  obtained  in 
1826,  and  the  railway  was  opened  in  18o0.  Koad  locomotives 
were  first  introduced  about  the  year  1827,  but  according  to  the 
paper,  regular  road  services  were  not  organised  until  1831.  At 
that  time,  stage  coaches  were  running  on  every  main  roatl  in  the 
country,  and  in  my  opinion  it  was  rather  the  o|)i)Ositi()n  of  the 
proprietors  of  the  coaches,  coupled  with  the  inability  of  the  legis- 
lature of  that  time  to  frame  regulations  that  would  work  with 
fairness  towards  the  users  of  both  steam  and  horse-power  on  the 
highways,  that  caused  the  practical  adoption  of  steam  transport 
to  be  abandoned. 

The  progress  made  since  that  date  has  been  (uillined  in  the 
present  paper  in  a  very  interesting  manner.     I  tliink  the  authors 
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are  perhaps  a  little  too  hard  on  the  Act  of  1865  (termed  the 
"Red  Flag  Act "),  as  in  the  interests  of  the  public  some  special 
legislation  was  certainly  required. 

Turning  to  the  Renard  and  Sourcouf  road-train  described  in 
the  paper  it  appears  to  possess  many  advantages  over  other 
systems,  especially  with  respect  to  the  distribution  of  the  motive 
power  and  the  weight  of  the  train  over  the  road.  It  does  not 
appear  to  be  definitely  stated  what  the  exact  load  per  axle  is, 
and  it  would  be  interesting  if  the  authors  would  furnish  some 
information  on  this  point,  which  is  of  some  importance  as  to  the 
probable  wearing  effects  on  the  road  and  more  especially  with 
respect  to  bridges  passed  over. 

As  is  well  known,  the  recently  issued  regulations  of  the 
Local  Government  Board,  issued  under  the  Heavy  Motor  Cars 
Order  1904,  enables  the  owners  of  bridges  to  restrict  the  passage 
of  motor  cars  over  them  which  exceed  a  gross  weight  of  5  ton. 
or  which  have  an  axle  load  of  over  3  ton,  that  is,  of  course,  if 
the  bridges  are  not  capable  of  carrying  more  than  the  weights 
stated — and  it  would  seem  to  be  essential  that  for  a  road-train 
to  be  really  successful  the  gross  and  axle  loads  of  the  cars  should 
not  exceed  those  weights. 

In  reply  to  Mr.  Bloyd's  communication,  the  authors  would 
observe  that  that  gentleman  must  have  misunderstood  the  open- 
ing sentence  of  the  paper.  It  was  never  suggested  that  a  rapid 
transport  service,  per  se,  would  encourage  the  urban  population 
to  migrate  and  settle  in  the  rural  districts.  The  contention  is, 
tliat  if  by  means  of  a  fast  and  cheap  transport  system  the  English 
farmer  is  placed  on  a  more  even  footing  with  his  foreign  com- 
petitor, he  will  be  able  to  make  farming  in  England  more 
profitable,  and  will  thus  be  in  a  position  to  pay  better  wages, 
and  give  more  regular  work  to  the  farm  labourer,  and  thus 
induce  him  to  stay  on  the  land,  instead  of  migrating  to  the 
towns,  where  he  is  not  required,  and  only  serves  to  swell  the 
already  large  body  of  unemployed.  The  authors  did  not  suggest 
that  the  railways  had  adopted  a  policy  to  the  disadvantage  of 
mechanical  road  transport,  but  that  the  railway  mania  had 
caused  the  subject  of  mechanical  road  transport  to  be  forgotten 
or  neglected.  Tlie  authors,  on  the  contrary,  think  that  the 
railways  will  be  greatly  benefited  by  a  good  road  transport 
system,  and  that,  for  their  own  sakes,  they  will  encourage  it, 
where  likely  to  act  as  a  feeder  to  their  main  lines.  The  maxi- 
mum axle  load  of  a  vehicle  of  the  Renard  train,  designed  to 
carry  a  paying  load  of  4  ton,  will  be  2  ton,  and  the  gross  weight 
of  such  a  vehicle,  with  its  paying  load,  will  be  6  ton.  If  the 
paying  load  is  reduced  to  3  ton,  the  maximum  axle  load  will  be 
1  ton  14  cwt. 
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WATERWORKS   CONSTRUCTIONS  IN  AMERICA. 

By  Ernest  Eomney  Matthews. 

Introduction. 

The  author  has  been  in  communication  with  some  engineers 
in  America,  respecting  the  methods  adopted  in  that  country 
in  the  designing  and  carrying  out  of  various  waterworks 
constructions,  and  he  has  recei\'ed  from  them  much  valuable 
information  relating  to  this  important  subject.  This  he  has 
])leasure  in  gi^^.ng  in  the  present  paper.  As  most  members 
of  the  Society  are  well  acquainted  with  the  methods  adopted 
in  reservoir  construction  in  this  country,  some  having  had  a 
large  experience  in  engineering  work  of  this  nature,  the 
author  does  not  intend  to  make  comparisons  between  the 
British  and  American  methods  of  construction,  but  to  describe 
in  detail  how  our  professional  friends  across  the  Atlantic  design 
;ind  carry  out  works  of  this  class.  With  this  in  view,  he  will 
first  give  a  description  of  some  reservoir  works  designed  by 
Mr.  Frank  L.  Fuller,  C.E.,  of  Boston,  U.S.A.,  and  carried  out 
under  his  supervision ;  and  the  author  would  here  acknowledge 
his  indebtedness  to  that  gentleman  for  his  kindness  and  courtesy 
in  furnishing  him  with  the  information  here  given  respecting 
these  interesting  works. 

The  works  designed  by  Mr.  Fuller  and  described  are  :  (1) 
The  covering  in  of  the  Natick,  U.S.A.,  reservoir,  accompanied 
by  plan  and  section  (Fig.  1),  and  a  detailed  statement  of  cost. 
(2)  The  construction  of  a  small  covered  distributing  reservoir 
at  the  Franklin,  U.S.A.,  Waterworks,  accompanied  by  plan  and 
and  section  (Fig.  2),  and  a  detailed  statement  of  cost.  Other 
reservoirs  of  this  type  have  been  designed  and  constructed  in 
America  by  Mr.  Fuller. 
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The  Natick  Eeservoir. 

The  works  were  commenced  in  August  1902,  and  completed 
in  May  1908.  The  water  supply  of  Natick  was  obtained  from 
Dug  Pond,  a  tributary  of  Lake  Cochituate,  which  is  situated 
about  a  mile  from  the  town  in  a  south-westerly  direction, 
und  thence  it  is  pumped  into  a  large  reservoir  situated  on 
Broad's  Hill,  in  the  eastern  part  of  the  town.  The  water 
supply  was  introduced  in  1874,  and  until  recent  years  this 
reservoir  was  an  open  one,  but  was  a  source  of  continual  expense, 
owing  to  its  having  to  be  so  frequently  cleansed,  due  to  the 
bottom  not  being  cemented.  It  was  at  times  in  a  filthy  con- 
dition, owing  to  the  growth  of  weeds,  which  also  gave  the 
water  an  unpleasant  taste.  The  slopes  were  paved,  but  were  a 
constant  source  of  trouble,  and  serious  leakages  occasionally 
took  place.  In  1890  the  reservoir  was  repaired  and  enlarged  ; 
this  was  done  by  direct  labour.  The  old  slope  paving,  which 
was  chiefly  of  small  stones,  was  removed  to  within  about  5  feet 
of  the  bottom,  and  used  in  building  a  core  wall  through  the 
reservoir  embankment.  The  new  paving  consisted  of  granite 
blocks  12  inches  wide  by  about  7  inches  deep  by  about  18  inches 
in  length,  laid  on  5  inches  of  broken  stone  placed  upon  the  old 
bank.  The  embankment  at  this  time  was  raised  2  feet,  and 
high- water  level  3  feet  G  inches. 

Previous  to  this  enlargement  the  maximum  depth  of  water 
allowed  in  the  reservoir  was  14  feet,  which  reached  a  level  of 
3  feet  below  the  top  of  the  embankment.  After  the  embank- 
ment had  been  increased  in  height  the  maximum  depth  of 
water  was  increased  to  17  feet  6  inches,  and  reached  a  level  of 
1  foot  6  inches  below  the  top  of  the  embankment.  The  original 
paving  at  the  bottom  of  the  slope  for  a  depth  of  5  feet  was 
found  to  be  in  fairly  good  condition,  so  it  was  pointed  with 
cement  and  allowed  to  remain.  The  core  wall  was  built  by 
excavating  a  trench  near  the  centre  of  the  embankment,  and 
filling  it  with  the  stones  laid  in  mortar  composed  of  cement  and 
sand.  This  wall  was  8  feet  in  height  by  2  •  5  feet  in  thickness 
at  the  bottom  by  1  *  5  foot  at  the  top.  Its  top  is  1 '  5  foot  below 
the  new  top  of  the  reservoir  embankment,  and  it  extends 
I  •  5  foot  below  the  old  surface  at  that  point.  The  new 
granite  paving  extended  to  the  top  of  the  embankment.  The 
inside  dimensions  of  the  reservoir  at  the  top  are  217  feet  by 
212  feet,  the  bottom  being  159-8  feet  by  154*3  feet.  The  area 
now  covered  in  is  therefore  44,730  square  feet.  The  capacity  of 
the  reservoir  before  covering,  with  a  maximum  depth  of  water 
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of  17-22  feet,  was  4,340,000  gallons.  With  the  same  liigli 
water  it  is  now  4,280,000  gallons. 

In  1902,  owing  to  the  insufficient  supply  obtained  from 
Dug  Pond,  and  the  pollution  of  this  source  of  supply,  it  was 
decided  to  secure  a  new  supply,  and  150,000  dollars  was  appro- 
priated for  this  purpose.  This  included  the  building  of  a  new 
pumping  station ;  the  installation  of  a  new  high-duty  pumping 
engine ;  laying  a  new  18-inch  cast-iron  force  main  to  the 
reservoir,  and  covering  a  part  or  the  whole  of  the  existing 
distributing  reservoir.  Tests  were  made  by  Mr.  Percy  M. 
Blake,  C.E.,  and  these  established  the  fact  that  a  supply  of 
ground  water,  sufficient  for  the  needs  of  the  town,  could  be 
obtained  upon  land  already  owned  by  the  town,  and  situated  on 
the  borders  of  Lake  Cochituate.  This  source  of  supply  was 
adopted ;  and  the  now  almost  universally  recognised  necessity 
of  storing  ground  water  in  covered  reservoirs  made  the  addition 
of  a  covering  to  the  existing  open  reservoir  almost  imperative — 
it  was  decided  that  this  should  be  done. 

Piers  and  Roof. — It  was  decided  to  construct  the  roof  ot" 
groined  elliptical  arches  in  concrete,  and  the  specifications  were 
so  drawn  that  alternative  prices  were  invited  for  brick  and 
concrete  piers.  The  lowest  tender  was  that  of  Mr.  F.  A.  Snow, 
and  was  for  piers  in  concrete,  9.50  dollars  per  cube  yard,  and 
in  brickwork,  14  dollars  per  cube  yard.  Concrete  was  there- 
fore adopted.  There  were  169  piers  in  all  constructed,  and 
these  were  spaced  15  feet  2  inches  apart,  centre  to  centre.  The 
reservoir  being  not  quite  rectangular,  the  piers  were  arranged  so 
that  the  four  lines  bounding  the  outside  of  the  system  of  piers 
formed  an  exact  square  183  feet  5  inches  on  each  side. 

The  dimensions  of  the  piers  and  their  foundations  were  as 
follows.  The  foundations  are  3  feet  by  3  feet  by  1  foot  6  inches 
in  depth,  the  top  of  the  foundations  being  level  with  the  underside 
of  the  4  inches  of  concrete  which  now  covers  the  bottom  of  the 
reservoir.  The  reservoir  bottom  has  a  uniform  slope  towards 
the  centre  of  1  foot.  The  first  section  above  the  pier  founda- 
tions is  2  feet  4  inches  by  2  feet  4  inches,  the  height  varying 
from  1  foot  6  inches  to  2  feet  6  inches,  the  tops  of  the  sections 
being  all  on  the  same  level.  The  second  section,  which  is 
carried  up  for  a  height  of  1  foot  6  inches,  is  2  feet  by  2  feet. 
The  third  or  top  section,  which  is  carried  up  to  a  lieight  of 
12  feet  6  inches,  is  1  foot  8  inches  by  1  foot  8  inches.  In  the 
four  outer  rows  of  piers  the  foundations  are  of  greater  dimen- 
sions. 

The  Roof. — The  covering  of  this  reservoir,  as  already 
mentioned,  consists  of  concrete  elliptical  arches,  which  have  a 
span  of  13  feet  6  inches  and  a  rise  of  2  feet  9  inches,  and  the 


I 


80  WATERWORKS   CONSTRUCTIONS   IN    AMERICA. 

arches  are  6  inches  thick  at  the  crown,  while  there  is  a  depth  of 
concrete  of  3  feet  3  inches  over  the  piers.  The  top  of  the  con- 
crete roof  is  level  with  the  average  top  of  the  slope  paving. 

Materials. — The  concrete  used  in  these  works  was  7  to  1, 
composed  of  1  part  cement,  2J  parts  sand,  and  4J  parts  of 
screened  gravel.  The  sand  was  coarse,  clean,  and  sharp,  the 
gravel  was  from  the  same  pit,  and  of  excellent  quality.  The 
concrete  was  mixed  by  hand,  and  was  quite  wet.  A  mixing 
platform  was  erected  at  the  top  of  the  embankment  at  the  south- 
west corner.  The  minimum  time  allowed  for  the  casing  or 
shuttering  to  be  removed  from  the  piers  was  four  days,  but 
generally  it  was  allowed  to  remain  longer.  The  concrete  for 
the  roof  was  usually  put  on  in  sections  30  feet  4  inches  wide, 
the  joint  occurring  along  the  crown  of  the  arch.  A  6-inch  by 
6 -inch  spruce  timber  was  laid  along  this  line,  and  the  concrete 
left  flush  with  its  upper  surface.  The  roof  centres  were  allowed 
to  remain  a  minimum  time  of  ten  days  after  the  concrete  had 
been  put  on. 

A  certain  amount  of  excavation  was  necessary  at  the  bottom 
of  the  reservoir  and  the  material  excavated  was  thrown  by 
successive  lifts  to  the  roof  and  spread  over  the  concrete  so  as  to 
prevent  the  latter  from  setting  too  rapidly.  The  concrete  roof  was 
subsequently  covered  with  filling  to  a  depth  of  2  feet.  A  few 
fine  cracks  appeared  on  the  upper  surface  of  the  concrete, 
generally  over  the  piers.  This  was  due  to  a  slight  settlement 
and  also  to  slight  contraction,  owing  to  very  cold  weather 
occurring  immediately  after  the  completion  of  this  roof,  the 
tJiermometer  dropping  to  10°  below  zero.  In  no  case  were  the 
cracks  thicker  at  the  surface  than  a  penknife  blade,  and  they 
entirely  disappeared  just  below  the  surface.  They  were  filled 
with  liquid  grout,  and  were  not  noticed  again. 

Reservoir  Bottom. — The  bottom  of  the  reservoir  was  covered 
with  4  inches  of  concrete,  finished  off'  with  cement  rendering. 
On  the  completion  of  the  work  the  bottom  and  sides  of  the 
reservoir  were  thoroughly  washed  by  means  of  a  stream  of  water 
from  a  fire  hose  attached  to  a  connection  in  the  bottom  of  the 
reservoir,  water  being  furnished  by  direct  pumping.  The  dirty 
water  flowed  off'  at  the  centre  of  the  reservoir  through  the  new 
8-inch  waste  pipe. 

Forms  and  Centres. — The  forms  for  the  lower  sections  of  the 
piers  were  of  2-inch  spruce  plank  planed  on  the  inside,  the 
grain  being  horizontal.  Those  for  the  long  section  of  the  piers 
were  also  of  2-inch  spruce  plank,  the  grain  in  this  case  being 
vertical.  Planks  10  inches  and  12  inches  wide  were  used.  On 
the  iront  of  each  side  a  2-inch  by  3-inch  piece  was  secured, 
extending  the  full  length  of  the  form.     As  the  concrete  was 
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placed  in  these  forms,  great  care  was  taken  that  the  coarser 
material  was  kept  away  from  the  sides  of  the  forms.  The  con- 
crete was  so  wet  tliat  it  needed  little  ramming.  To  resist  the 
outward  pressure  of  the  concrete  the  forms  were  clamped  by 
short  pieces  of  joist  tied  together  by  iron  rods  having  nuts  and 
washers. 

The  centreing  for  the  roof  between  any  four  piers  consisted 
of  four  quarter  sections.  The  frame  was  of  one  length  of  3-inch 
spruce  plank  10  inches  wide  by  13  feet  6  inches  long,  together 
with  two  pieces  of  2 -inch  plank  supported  by  the  first-named 
piece  and  forming  a  sort  of  truss  ;  also  two  side-pieces  of  2-inch 
plank  and  two  ribs  of  the  same  thickness.  This  frame  was 
lagged  with  1-inch  matched  spruce,  planed  on  top.  The  quarter 
sections  referred  to  could  be  easily  handled  by  4  or  5  men. 
The  centres  were  brushed  over  with  oil  prior  to  the  concrete 
coming  in  contact  with  them  so  as  to  facilitate  their  removal. 

No  derrick  or  hoisting  engine  was  used  for  any  part  of  the 
work,  everything  being  done  by  hand.  The  number  of  roof 
centres  used  was  185  ;  if  the  entire  roof  had  been  centred  at 
once  and  no  centre  used  twice,  624  quarter  sections  would  have 
been  required  in  addition  to  special  centres  necessary  between 
the  regular  quarter  sections  and  the  inside  slopes  of  tlie 
.reservoir.  The  load  on  the  piers  was  between  18  and  19  tons 
to  the  square  foot  at  tlie  bottom.  After  the  roof  had  been  com- 
pleted two  horse  tip-carts  well-loaded  were  driven  across  it. 

Cost  of  Works. — In  his  report  as  to  the  total  cost  of  these 
works,  dated  February  1904,  Mr.  Fuller  gives  the  following 
particulars : — 

Dollar?.  J£       s.      d. 

492'.^  cubic  yards  of  earth  excavation 
from  bottom  and  for  piers  in  slopes, 
at  0.7.-)  dollar      369.37     =  7r)     8     3 

3103  cubic  yards  of  earth  excavation, 
bori  owed  from  reservoir  lot,  at  0 .  75 
dollar 2,327.25     =         475     2  11 

130  •  6  square  ya^-ds  slope  paving  removed 

and  replaced,  at  2.50  dollars    ..       ..  326.50     =  66  13     2 

230  cubic  yards  of  Portland  cement  con- 
crete on  bottom,  at  8 .  50  dollars       ..       2,031.50     =         414  15     3 

406*4  cubic  feet  Portland  cement  con- 
crete in  piers,  at  9.50  dollars   ..      ..       3,860.80     =         788     4  11 

1437*6  cubic  yards  of  Portland  cement 

concrete  on  roof,  at  12.50  dollars    ..      17,970.00     =     3,668  17     6 

2647  square  yards  Portland  cement 
finishing  coat  on  bottom,  at  0.75 
dollar 1,985.40     =         405     7     0 

Total         $28,870.82  £5,894     9     0 

The  cut  through  the  reservoir  embankment  and  the  laying  of 
the  18- inch  force  main  into  the  reservoir,  and  the  laying  of  the 
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1895 

1896 

1897 

1898 

1899 
1899 


1901 
1902 
1902 
1902 
1903 
1903 

19U3 

1903 
Begun 

1903 
1903 

1903 

1903 
Begun 

1903 
Begun 

1903  I 
Begun, 

1903 
Begun 

1903  { 
Begun 

1903 


1903 


Location. 


Asliland,  Wis. 

Somersworth,  N.H 

Wellesley,  Mass.  . 

Ijouisville,  Ky. 

Concord,  Mass. 
Albany,  N.Y. 

Clinton,  Mass. 

Superior,  Wis. 

(  Philadelphia,  Pa., 
(Lower  Roxborougl] 

Milford,  Mass. 

j  Philadelphia,  Pa., 
(  Upper  Koxborough 

Natick,  Mass. 

Ithaca,  N.Y.  . .      , 

j        Proposed  for 
(     L;iwreuce,  Mass. 

Yonkers,  N.Y. 
f  Watertown,  N.Y, 

Broukline,  Mass.  . 

j  Philadelphia,  Pa  ,  \ 

(          Belmont  ) 

j  Philadelphia,  Pa.,  ] 

(          Belmont  / 

j  Philadelphia,  Pa.,  | 

1       Torresdale  f 

J  Philadelphia.  Pa.,  i 

I       Torresdale  j 

f  Philadelphia,  Pa.,  | 

1        Torresdale  f 


-  Washington,  D.C. 
\  Washington,  D.C. 


New  Milford,  N.J. 


New  .Milford,  N.J. 


Engineer. 


Wni.  Wheeler..  . 

Wm.  Wheeler..  . 

F.  C.  Coffin      . .  , 

Chas.  Herraany 

Leonard  Metcalf  . 

Allen  Hazen    ..  . 

E.  P.  Stearns  . .  . 

Allen  Hazen    . .  . 

John  W.  Hill  . .  . 

Leonard  Metcalf  . 

John  W.  Hill . .  . 

Frank  L.  Fuller  . 

Allen  Hazen    . .  . 

Morris  Knowles  . 

'  Allen  Hazen    . .  . 
Allen  Hazen   .. 

F.  F.  Forbes  . .  . 
John  W.  Hill  . .  . 
John  W.  Hill  . .  . 
John  W.  Hill  . .  . 
John  W.  Hill  . .  . 
JohnW.  Hill  ..  . 

Col.  A.  M.  Miller  . 

Col.  A.  M.  Miller  ., 

Hering  and  Fuller. . 

Hering  and  Fuller  . . 


Description  of  Works. 


B^^^n'  I"  ^V"aBhlngton,  D.C.        I  Col.  A.  M.  Miller 


/  Filters,  net  area  half  acre.  Intrados  ] 
\  elliptical,  extrados  plane,  two  layers  [ 
[     flat  brick  backed  with  concrete.  ) 

!Two  filters,  total  net  area  half  acre.  In-) 
trades  elliptical,  extrados  plane,  one  I 
layer  of  brick  on  edge  backed  with  con-  j 
Crete.  ) 

I  Reservoir,  80  ft.  internal  diameter.  In- 1 
1     trades  elliptical,  extrados  plane,  j 

j  Reservoir,  154,739  sq.  ft.  net  area.  Con-] 
j  Crete  reinforced  with  steel.  Intrados  [ 
[     and  extrados  segmental.  ) 

j  Sewage  reservoir,  57  ft.  internal  diameter.  I 
1      Intrados  elliptical,  extrados  plane.  ) 

(  Filters,  8  beds  of  0-7  acre  each.  Intrados  | 
t     elliptical,  extrados  conical.  j 

(Sewage  reservoir,  100  ft.  internal  diam.  ) 
1      Intrados  elliptical,  extrados  plane.  J 

f  Filters  and  reservoir,  total  net  area,  half ) 
I     acre.     Conical.  ) 

J  Filters,  5  of  0  •  537  acre  each.  Also  filtered  | 
(     water  basin,  153  ft.  by  190  ft.  [ 

j  Filters,  2  ot  one-eighth  acre  each.  Intra- ) 
(      dos  elliptical,  extrados  parabolic  j 

(  Filters,  8  of  0-7  acre  each.  Also  filtered  I 
(      water  basin,  238  ft.  by  319  ft.  ) 

J  Reservoir.  Intrados  elliptical,  extrados  [ 
I     plane.  J 

f  Basin  and  reservoir.  Intrados  elliptical, ) 
(      extrados  parabolic.  f 

J  Filter.  Intrados  elliptical,  extrados  para-  ) 
(      bolic.  ) 

j  Reservoir.  Intrados  elliptical,  extrados  ) 
(      parabolic.  [ 

j  Basin  and  lieservoir.  Intrados  elliptical, ) 
(     extrados  parabolic.  J 

j  Reservoir,  all  concrete.  Intrados  ellip- 1 
(     tical,  extrados  plane.  [ 

j  Filters,  18  of  0*74  acre  each.  Intrados) 
(      elliptical,  extrados  parabolic.  J 

j  Filtered  water  basin,  382  ft.  by  396  ft.  ) 
I  Intrados  elliptical,  extrados  parabolic,  j 
(Filters,  33  of  (i*75  acre  each.  Intrados) 
t     elliptical,  extrados  parabolic.  ) 

j  Filters,  22  of  0*75  acre  each.  Intrados) 
(      elliptical,  extrados  parabolic.  j 

j  Kilter  water  basin,  602  ft.  by  762  ft.  ) 
i     Intrados  elliptical,  extrados  parabolic.    / 

Filters,  Nos.  1  to  24 

Filters,  Nos.  25  to  29 

( Clear  water  well  under  Mech.  filters.  2  | 
1      sec.     47  ft.  by  148  ft.  j" 

Ditto               ditto 
P.  W.  Iteservoir 
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Concrete 
Mixed. 

Arch. 

=1 

"S  C 

non^ 

Pier  Section  at 

Springing,  in 

inches, 

and  Area,  sq.  ft. 

(28X23  =  4-42) 
-  284X24  =  4-73 
i           brick 

1 

,  ft.. 
e. 

rick 
lb.; 

^.1 

II 

i     i 

I 

+ 
If 

Span. 

Kise. 

5 

1 
1 

in 

6 

ll 
ia 

1- 

Pier  Load,  ions  per  eq. 

above  Springing  lin 

Concrete  at  150  lb.;  B 

at  130  lb.;  Karth,  110 

Snow,  15  lb. 

1 
1 

1  :  2i  :  5 

ft  in. 
,  15    9 

tft.in. 
3    6 

ll'l 

12-5 

ft. 

8-9 

ft. 

10-6 

1  :  2i  :  5 

16.    0 

4     0 

6 

none 

(a4iX34  =  8-15) 
(         granite        )' 

130 

9-7 

8-0 

10-0 

1  :  2i:5 

12    0 

2     6 

6 

none 

f  24  X24=  4-0   ) 
■(          brick          ) 

10-3 

8-9 

7-2 

8-5 

1:2:4 

19     0 

3  9-6 

6 

27-6 

Dia.  3-4  =  9-0 

11-7 

5  8 

(11-9) 

(13-8) 

1:2:5 

12     9 

3     0 

6 

none 

f   24  X  24  =4-0   ) 
I           brick           [ 
(21  X  21  =3-06  ) 
1           brick           i 

11-0 

11-7 

6-8 

8-3 

1:3:5 

11  11 

2     6 

6 

6 

8-5 

11-0 

7-1 
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12     0} 
12     0 

2     6 
2     6 

12 
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6 
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7-3 
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14     0 

3     0 

21 

22  X  22  =  3-36 

7-3 

13-3 

8-2 

9-7 

(  1  :  2i  :  5  1 
1    1:3:5    j" 

14     0 

3     0 

18 

24  X  24  =  4-0 

7-9 

9-8 

8-2 

9-7 

1:3:5 

14     0 

3     0 

21 

22X22  =  3-36 

7-3 

f      16-8*    ) 
i       13-3      )" 

8-2 

9-7 

l:2i:4i 

13     6 

2     9 

none 

20X20  =  2-77 

10-2 

15-1 

8-3 

9-7 

l:2i:4J 

10     6 

1     6 

10* 

jl8  X  18  =  2-25) 
(17  X  17  =  2-01  1" 

6-78 

j      10-9      » 
1      12-2      [ 

9-2 

9-9 

.' 

13     2 

2     9 

18 

22  X  22  =  3-36 

7-5 

15-6 

7-9 

9-2 

1:2-9:5 

10     0 

1     6 

n 

16}  X  16}=  1-96 

7-0 

18-5 

8-3 

9-1 

1:2-9:5 

10     0 

1     6 

g 

10 

18  X  18  =  2-25 

6-9 

9-9 

8-3 

9-1 

■ 

12     0 

2     6 

none 

20  X20  =  2-77 

10-1 

12-2 

7-2 

8-4 

1:3:5 

13     5 

3     0 

6 

2 

22  X  22  =  3-36 

7-3 

12-4 

7-5 

9-0 

1:3:5 

14     0 

3     0 

6 

21 

22X22  =  3-36 

7-2 

13-3      -  1 

8-2 

9-7 

1:3:5 

14     0 

3     0 

6 

21 
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7-2 

13-3          ! 

8-2 

9-7 

1:3:5 

13     2 

3     0 

21 

22  X  22  =  3-36 

7-4 

12-0         j 

7-2 

8-7 

1:3:5 

14     0 

3     0 

21 

22  X  22  =3-36 

7-2 

13-3         1 

8-2 

9*7 

1:2-9:5 

12     2 

2     6 

17 

22X  22  =  3-36 

7-3 

f     9-7  +      ^ 
: sand  stored/ 

7-4 

S-6 

1:2-9:5 

11  10 

2     6 

17 

22  X22  =  3-36 

7-4 

r     91  +      \ 
Bund  stored/; 

7-0       1 

8*2 

■  1 

9     8- 

by 

11     8) 

2     6 

none 

24  X  24  =  4-0 

11-7 

-• 

(      4-7 
1      6-8 

5-9    1 

8-1    { 

( 

11     8] 

by    '- 

2     6 

none 

24X24  =  4-0 

12-3  , 

(      6-8 
(       7-2 

8-1    ) 
8-4    [ 

( 

12    o; 

1:2-9:  5 

15     c 

•T    r,      f. 

241 

30  X  30  =  G-25 

7-9      '     "''  -^     ' 
1    storage  , 

S-6 

in-3 

Including  sand  sturt'd  iipon  rool. 


G    2 


84  WATERWORKS   CONSTRUCTIONS   IN   AMERICA. 

10-incli  and  8-inch  waste-pipe,  was  done  partly  by  town  help 
and  partly  by  contractor  at  cost  plus  15  per  cent.  These  two 
items  making  the  total  expenditure  on  reservoir  30,116.75 
dollars,  or  6,148/.  16s.  Sd.  High  water  is  now  17 '22  feet  above 
the  bottom  at  the  outer  edge,  and  the  capacity  to  this  elevation 
is  4,280,000  gallons.  The  cost  of  covering  the  reservoir  was 
about  2s.  per  square  foot. 

Groined  Arches  for  Eeservoirs. 

Mr.  Leonard  Metcalf,  Civil  Engineer,  of  Boston,  U.S.A.  (Past 
President  of  the  New  England  Waterworks  Association),  has 
prepared  some  valuable  data  relating  to  groined  arches  which 
have  chiefly  been  constructed  in  connection  with  reservoirs  and 
filters  in  the  United  States,  and  which  information  he  presented 
to  the  Association  in  1903.  The  author  is  indebted  to  Mr. 
Fuller  for  a  copy  of  that  statement,  which  includes  the  Natick 
reservoir  roof,  and  is  shown  on  preceding  pages. 

The  Franklin  Eeservoir. 

The  object  of  this  reservoir,  which  has  recently  been  com- 
pleted, is  to  store  a  supply  of  water  which  will  flow  by  gravity 
to  the  old  pumping  station  on  Bow  Street,  Franklin,  where  it 
can  be  pumped  by  water  power  to  the  old  reservoir  in  Pleasant 
Street.  The  reservoir  (see  Fig.  2)  is  46  feet  in  diameter  and 
20  feet  deep.  Each  foot  in  depth  contains  12,431  gallons,  or  a 
total  of  248,600  gallons  for  a  depth  of  20  feet.  The  side  wall  is 
3  •  5  feet  thick  at  the  bottom,  2  •  5  feet  at  the  top,  and  22  feet 
high,  except  at  the  point  where  the  12-inch  inlet  and  outlet 
pipe  and  the  6-inch  overflow  and  waste  pipe  enter  the  reservoir, 
where  it  is  deeper. 

Construction. — This  wall  is  built  of  boulder  concrete,  that  is 
ordinary  concrete  into  which  stones  have  been  rammed  of  a  size 
not  greater  than  can  be  lifted  by  one  man.  The  proportions 
were  1  of  cement,  2  of  clean  sliarp  sand,  4J  of  screened  gravel, 
all  by  volume,  to  which  was  added  40  per  cent,  of  sound,  clean 
boulders  or  field  stone.  The  boulders  were  not  allowed  to  come 
within  6  inches  of  the  face  of  the  wall,  and  no  boulder  was 
allowed  to  touch  another. 

The  roof  is  10  inches  thick  at  the  springing,  and  8  inches 
thick  at  the  centre,  and  lias  a  rise  of  4  •  6  feet.  To  resist  the 
thrust  of  the  roof,  a  steel  band  14J  inches  wide  and  1  inch  in 
thickness,  is  embedded  in  the  concrete  near  tlie  top  of  the  con- 
crete wall.  It  is  made  of  two  thicknesses  of  J-inch  by  14i-inch 
plates,  each  about  26*7  feet  long.     These  were  put  in  place  of 
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breaking  joint,  and  with  two  cover  plates  (one  i  and  one  J  inch 
tliick)  riveted  together.  This  band  was  furnished  by  a  firm  at 
Boston,  and  by  them  riveted  together  on  the  wall  when  it  had 
reached  the  proper  elevation.  The  price  of  the  band  in  place 
was  338  dollars.  After  the  steel  band  was  in  place,  the  concrete 
wall  was  continued  to  the  springing  line  of  the  roof.  The  band 
is  thus  completely  enclosed  in  concrete,  protecting  it  from 
corrosion. 

The  centreing  for  the  roof  was  then  set  up,  and  on  Novem- 
ber 20,  21  and  22,  1905,  the  concrete  roof  was  put  in  place. 
The  wedges  supporting  the  timbers  at  the  centre  of  the  reser- 
voir were  removed  on  December  5,  and  the  entu-e  centreing 
removed  a  few  days  thereafter.  No  cracks  or  settlements  in 
the  wall  or  roof  have  been  observed.  The  wall,  where  neces- 
sary, was  pointed  \vith  cement  mortar,  and  received  several 
brush  coats  of  neat  cement  and  water,  mixed  to  the  consistency 
of  thick  paste.  The  bottom  is  of  6  inches  of  Atlas  cement 
concrete,  the  upper  half-inch  being  without  coarse  material,  left 
smooth,  and  well  trowelled.  The  6-inch  overflow  and  waste 
pipes  are  arranged  substantially  as  in  the  old  reservoir. 

A  small  wooden  house  (4  feet  6  inches  by  6  feet  6  inches 
inside),  is  placed  over  the  30-inch  opening  in  the  concrete  roof, 
and  an  iron  pipe  ladder  extends  from  the  bottom  of  the  reser- 
voir to  the  opening  in  the  roof.  An  electrical  indicator  shows 
at  the  Bow  Street  pumping  station  the  elevation  of  water  in  the 
new  reservoir.  A  6-inch  Ross  Valve  Co.'s  balanced  valve,  with 
float  attached,  placed  in  the  pump  well  of  the  Bow  Street 
pumping  station,  automatically  closes  when  the  water  in  the 
pump  well  reaches  high  water  level,  and  stops  further  inflow 
from  the  new  reservoir,  thereby  preventing  waste. 

Tlie  following  particulars  are  taken  from  the  tender  for  the 
Franklin  reservoir-,  which  was  accepted. 


Franklin  Coveued  Reservoir. 


N«ne  of  Firm 
Tendering. 

■B 

Cub.  yds.  Rock 
Excavation. 

380  cub.  yds.  Am.  Portlan*! 

Cement  Uoulder  Concrete 

in  Wall 

50  cub.  yds.  Am.  Portland 
Concrete  Koof. 

3 

•:« 

Jl 
it 

g 

o 

si 

11 

1! 

s: 

c 

o 
o 

100  lin.  ft.  6-in.  Pipe 
Laying. 

100  lin.  a.  4-ln.  Pipe 
Laying. 

Cub.  yd.s.  borrowed  Kartli 
(ir  required.). 

1 

i 

I'otal 

Amount  of 

Tender. 

Savage          . 

Concrete        f     §0.48    $5.00      $5.9S      S'^-^'O    $3.00    $0.05 
Confltructi.m    r      =                       =           =         =         = 

Company.          ,756.00                2272.40  400.00  60. UO    10.00 
Ne.Y„,k.     j|            1                           1,1 

»5.50 

= 
165.00 

$0^40 
2oToO 

$0.3  1    8'>--5    S'^-6 
30.00^25.00 

So. 27        53558.40 
or 
,£726  10«.  \>i. 
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Covered  Keservoir  at  Louisville. 

Tliis  reservoir  is  a  good  example  of  a  modern  American 
covered  reservoir,  constructed  throughout  in  reinforced  concrete, 
including  division  walls  and  piers,  and  of  which  Fig.  3  shows 
one  bay.  The  roof  is  of  the  groined-arch  method  of  construc- 
tion, the  arches  being  approximately  19  feet  span  and  3*8  feet 
rise,  the  radius  of  the  arc  forming  the  intrados  being  13*775 
feet,  and  that  of  the  extrados  32*256  feet.  The  thickness  of 
concrete  at  the  crown  of  arch  is  6  inches,  and  above  piers  3  feet. 
The  reservoir  is  460  feet  by  392  and  394  feet  in  size,  and  has  a 
capacity  of  25,000,000  gallons.  The  columns  or  piers  are  about 
3*4  feet  diameter  and  21*11  feet  in  height,  and  are  placed 
22  feet  apart,  centre  to  centre.  The  whole  of  this  interesting 
construction  has  been  carried  out  in  Portland  cement  con- 
crete 1:2:4. 

Embedded  in  each  of  the  arches  are  IJ  by  /g-inch  steel 
ribs,  resting  upon  each  pier.  These  ribs  are  inserted  in 
eight  half-piers ;  four  of  these  are  placed  at  the  groins  of 
the  arch,  and  four  midway.  Two  steel  plates,  16  inches  square 
by  fg  inch  thick,  are  placed  in  each  pier,  and  in  the  side 
division  walls  of  the  reservoir,  and  the  ribs  meet  upon  and  are 
riveted  to  these.  The  plates  are  placed  28^  inches  apart 
vertically,  tied  together  in  the  middle  by  a  J-inch  rivet.  In 
order  to  make  sure  that  the  steel  ribs  adhered  to  the  concrete, 
f-inch  rivets  were  placed  through  the  middle  of  the  rib  about 
every  12  inches  apart. 

The  author  is  indebted  to  Mr.  Charles  Hermany,  engineer  of 
the  Louisville  Water  Company's  purification  station  at  Crescent 
Hill,  Kentucky,  for  the  following  detailed  account  of  the 
Louisville  reservoir  : —    . 

Design. — The  design  was  decided  upon  in  1898,  and  the 
work  was  completed  in  1900.  Both  the  arches  and  columns  are 
stronger  than  necessary,  were  they  only  to  support  themselves 
and  the  earth  filling.  This  has  been  proved  by  building  upon 
the  groined  arches  a  concrete  bed  8  inches  thick  over  the 
crown,  in  which  a  track  is  built  of  standard  steel  rails,  80  lb. 
to  the  yard,  and  loaded  freight  cars  pushed  over  it  with  a 
combined  dead  and  live  load  (car  and  freight)  of  five  tons  to  the 
car-wlieel,  without  visible  effect  upon  arch  or  columns.  When 
designing  these  arches  it  was  not  apprehended  that  it  would  be 
desirable  or  necessary  to  run  cars  across  them.  Great  misgiving 
was  manifested  by  contractors  as  to  the  practicability  of  build- 
ing reliable  columns  of  this  description.  The  successful  and 
satisfactory  building  of  them  proved  to  be  one  of  the  easiest 


WATERWORKS   CONSTRUCTIONS   IN   AMERICA.  87 

and  simplest  tasks  connected  witli  the  reservoir.  The  concrete 
was  machine-mixed,  but  all  the  manual  labour  was  performed 
by  crude  and  unskilled  men,  with  which  difficulty  was  ex- 
perienced in  satisfactorily  building  the  arches.  It  was  accom- 
plished only  by  constant  and  vigilant  engineering  supervision. 
Witli  the  experience  gained  in  this  work,  entirely  satisfactory 
results  could  be  obtained,  with  reduction  in  both  volume  of 
concrete  and  cost  of  construction.  The  solidifying  of  the  con- 
crete by  tamping  was  done  by  hand,  in  layers  of  about  4  inches 
in  thickness  at  a  time.  Better  results  have  since  been  accom- 
plished by  reducing  the  thickness  of  layers  and  using  pneumatic 
tampers. 

Area  Covered. — The  following  gives  the  area  of  water  sur- 
face roofed  over  by  the  groined  arches  : — 

Square  feet. 

Total    area  of  quadrangular  space  covered  by  the  outside 
tlimonsions  of  the  structure       ......     180,7-10 

Square  feet. 

Area  covered  by  the  four  retaining  walls      .  .         18,541 

Area  covered  by  the  three  divi>ion  walls       .  .  4,460 

Area  covered   by  tlie  250  columns  supporting  the 

groined  arches        ......  3,000 

AggrcLrate  area  of  water  surface  in  the  four  com- 
partments              154,739 

Total         .  .         .180,740 

The  groined  arches  are  340  in  number,  270  of  which  are 
square,  22  by  22  feet  span  between  centres  of  columns,  and 
seventy  arches  are  in  one  direction  of  22  feet  span,  and  at  riglit 
angles  thereto  of  variable  span — both  greater  and  smaller  than 
22  feet — owing  to  the  quadrangular  plan  of  the  reservoir  not 
being  a  square,  but  a  trapezoid. 

In  the  following  table  are  given  the  items  which  comprise 
the  cost  of  constructing  the  arched  covering  to  the  clear-water 
reservoir,  subdivided  into  ten  different  classifications  of  material 
and  work. 

Per  s((   ft. 

1.  2446*93 cub.  yds.  Portland  ccniont  1:2:4  concrete  in 

coluran.sat^T.lO,  ?|If!.^;^*^         ....     §0.112 
io4,  /  oy 

2.  .33;-5'')2   sup.   yds.    P<^rtland  cement,  1:2    mortar,  in 

oolnmns,at  29  cents, '^■^^•^^  ....       0.001 

1 54,7;  >9 

3.  7484- 11  cub.  yds.  Portland  cement  1  :  2  :4  concrete  in 

arches,  at  $7.10,  ^^^^^^^^^^^         ....       0.343 

4.  978"  13  sup.  yds.  Portland  c(  ment  1  : 2  mortar  in  arches, 

at  42  cents,  **'^^^^ 0003 

154,739 

Carried  forward  .     $0,459 
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Per  sq.  ft. 
Brought  forward         .  .     #0.459 

5.  168,750  lb.  steel  ribs  in  concrete  arches,  at  3^  cents, 

l^'^l-^i^ 0.035 

154,739 

6.  7325*89  bup.  yds.  neat  Portland  cement  mortar  J  in. 

thick  plaster  on  columns,  at  23  cents,     -  ' ^— -  0.011 

154,739 

7.  18,444-87  sup.  yds.   neat    Portland    cement   mortar 

J  in.  thick  plaster  on  soffit  of  arches,  at  23  cents, 
^'241 -40  ....  0.027 

154,739 

8.  3,928-04  cub.  yds.  earth  fill  over  arches,  at  30  cents, 

$1,178.41 QQQ^ 

154,739 

9.  154,739  sup.  ft.  sodding,  at   10 J  cents  per  sup.  yd., 

$1.805.29  0  012 

154,739 
10.    Centres  for  arches,  and  falseworks,   ^'  '       '       .  .       0.059 

$0-611 
Less  correction  .         .         .         .         .         .      0 .  001 


Total  cost  per  square  foot  of  covering.  .  .     $0.610  =  2s.  6(i. 

In  the  foregoiDg,  items  2  and  4  are  for  mortar  used  to  inter- 
pose between  successive  additions  of  concrete,  so  as  to  make 
such  additions  adhere  to  each  other.  The  ten  items  of  cost 
comprise  the  total  amount  paid  by  the  water  company  to  the 
contractor,  to  which  has  to  be  added  the  cost  of  inspection  and 
engineering  supervision. 


Covered  Eeservoir  at  Eockford,  Illinois. 

An  interesting  example  of  a  covered  reservoir  built  with  an 
arched  roof  is  that  which  was  constructed  at  Eockford,  Illinois, 
U.S.A.,  in  1894,  a  transverse  section  of  which  is  shown  in  Fig.  4. 
The  reservoir  is  156*56  feet  by  66*26  feet.  Only  the  roof  is  of 
reinforced  concrete.  The  roof  is  a  ribbed  arch,  the  ribs  increase 
in  depth  from  crown  to  haunches,  and  are  placed  7  feet  apart. 
The  section  shows  in  detail  the  arrangement  of  the  reinforce- 
ment. The  concrete  used  was  1:2:5,  and  the  soffits  were 
plastered  with  1  Portland  cement  to  a  2^  sand  mortar.  This 
reservoir  cost  $18,506  or  £3778  6s.  2d.,  the  roof  alone  costing 
$2000  or  £408  6s.  Sd. 

Before  leaving  the  subject  of  reservoir  construction,  the 
author  would  state  that  the  most  recent  American  practice  is  as 
follows : — 

1.  There  is  a  growing  use  of  the  groined  arch  as  a  covering 
for  reservoirs  and  filters  in  America. 
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2.  A  depression  is  made  in  the  concrete  roofing  over  the 
piers,  as  at  the  Louisville  reservoir,  which  is  considered  to  effect 
a  saving  of  from  15  to  30  per  cent,  in  the  cost  of  the  roof  In 
constructing  the  roof  over  the  Philadelphia  filter  plant  with  a 
depression  over  each  pier  of  2 1  inches,  a  saving  of  2  •  7  cubic 
yards  of  concrete  was  effected  at  each  pier,  or  a  saving  of  over 
30  per  cent.  It  is  usual  to  fill  the  depressions  with  clay 
puddle 

3.  The  section  of  piers  is  considerably  less  than  formerly. 

4.  The  introduction  of  reinforced  concrete  is  a  marked 
feature  in  recent  reservoir  and  filter  construction. 

5.  Circular  piers  as  at  the  Louisville  reservoir  with  square 
capitals  are  a  new  form  of  construction,  and  it  has  been  found 
that  these  can  be  built  at  the  same  price  as  square  piers ;  if 
nothing  else  is  accomplished  by  the  introduction  of  these,  a  more 
equal  distribution  of  material  is  obtained. 

Reinforced  Concrete  Gravity  Dam  at  Theresa.  N.Y. 

The  following  is  a  description  of  a  very  interesting  form  of 
dam  which  lias  recently  been  constructed  at  Theresa,  N.Y.,  and 
which  is  illustrated  at  Fig.  5.  It  is  built  in  reinforced  concrete, 
and  is  an  entirely  new  departure  in  dam  construction.  It  was 
designed  by  Messrs.  Ambursen  and  Sayles,  of  Watertown,  N.Y. 
It  is  120  feet  long  by  11  feet  high,  and  has  a  foundation  on  the 
solid  rock.  It  consists  of  a  concrete  slope  supported  by  concrete 
buttresses,  the  former  being  6  inches  in  thickness  and  the  latter 
12  inches  in  thickness,  and  placed  6  feet  apcirt  centre  to  centre. 
The  whole  is  reinforced  by  |-inch  Thacher  steel  rods  and 
expanded  metal  as  shown  in  the  cross  section. 

The  buttresses  and  toe  are  of  Portland  cement  concrete 
1:3:6,  and  each  buttress  was  bolted  down  to  the  rock  by 
3  feet  1^  inch  bolts.  The  dam  is  so  constructed  that  the 
resultant  pressure  always  falls  within  the  base. 

Graphic  Solution. 

The  graphic  solution  of  the  forces  acting  on  a  dam  of  the 
type  just  described,  as  used  by  most  American  engineers,  is 
given  as  follows  by  the  author,  who  is  indebted  for  it  to  an 
American  work  on  reinforced  concrete  by  Mr.  A.  W.  Buel : — 

"  The  graphical  method  of  finding  the  pressure  on  the  im- 
mersed surface  of  a  dam,  the  overturning  moment,  and  the 
resultant  on  the  base  is  illustrated  in  the  accompanying  figure. 

"  Let   B  C  be  the  immersed  surface,  L)  C  the  base,  B  T  the 
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surface  of  the  water,  and  x  the  depth  of  the  water.  Draw  C  K 
perpendicular  to  B  C  and  equal  to  x,  then  will  the  weight  of  the 
water  in  the  prism  B  C  K,  of  a  length  unity,  be  the  amount  of 
the  pressure  on  the  immersed  surface  one  unit  in  length.  This 
pressure,  P,  will  act  normal  to  the  surface  B  C,  and  through  the 
centre  of  gravity  of  the  triangle  B  C  K  at  G,  and  will  intersect 
B  C  at  M,  C  M  being  equal  to  one-third  of  B  C. 

"  Find  the  centre  of  gravity  of  the  section  of  the  dam  D  A  B  C 
and  its  weight,  W.  From  the  intersection  of  P  with  the 
vertical  through  the  centre  of  gravity  of  the  dam  at  N,  lay  off 
N"  0  equal  to  the  weight  W,  by  the  scale  of  forces,  and  draw 
0  S  parallel  to  N"  G,  making  0  S  equal  to  P  by  the  scale  of 


forces.  Then  the  resultant  on  the  base,  E,  will  be  represented 
in  direction  and  amount  by  the  line  S  N",  and  its  intersection 
with  the  base  at  q  will  be  the  centre  of  reactions  on  the  base. 

"  If  q  is  found  within  the  middle  third  of  the  base  the  dam 
will  be  in  stable  equilibrium,  provided  the  maximum  intensity 
of  pressure  on  the  foundation  is  not  excessive.  The  intensity 
of  pressure  on  any  part  of  the  base  may  be  found  by  the 
method  given  for  retaining  walls,  using  the  vertical  component 
of  R  acting  through  q.  When  the  immersed  surface  is  vertical 
the  methods  given  for  finding  the  thrust  on  retaining  walls  are 
applicable  by  making  <^  equal  to  zero. 

"When  the  crest  is  submerged  the  solution  will  be  as 
follows :  Produce  the  line  B  C  to  intersect  the  surface  of  the 
water  at  E,  and  lay  off  C  K'  equal  to  x!  and  perpendicular  to 
E  B  C.     Draw  B  K''  perpendicular  to  B  C  from  the  crest  of  the 
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dam  and  find  the  centre  of  gravity  of  B  K"  K'  C.  This  may  be 
done  by  locating  the  centres  of  gravity  of  the  triangles  E  C  K', 
B  C  K,  and  E  B  K"  at  (j,  G,  and  y'  respectively  and  that  of  the 
parallelogram  B  K  K'  K"  by  the  intersection  of  tlie  diagonals  at 
I,  then  the  centre  of  j^ravity  of  B  K"  K'  C  will  be  at  G'  and  G  I 
intersects/^  produced.  Or  if  on  g'  g  produced,  ^  G'  is  laid  off 
equal  to  g' g  multiplied  by  the  area  of  E  B  K"  and  divided  by 
the  area  of  B  K"  K'  C,  G'  will  be  the  centre  of  gravity  sought. 
The  area  of  B  K"  K'  C  is  the  difference  of  the  areas  of  the 
triangles  E  C  K'  and  E  B  K". 

"  The  centre  of  gravity  of  a  right-angle  triangle  is  at  the 
inside  corner  of  a  rectangle,  the  sides  of  which  are  one-third  the 
length  of  the  sides  of  the  triangle  adjacent  to  the  right  angle, 
the  rectangle  being  inscribed  in  and  including  the  right  angle 
of  the  triangle. 

"  A  force  equal  to  the  weight  of  B  C  K'  K",  for  a  length  unity, 
acting  through  G'  normal  to  B  C  at  M'  will  be  the  resultant 
pressure  P'  on  a  unit  of  length  of  the  surface  B  C. 

"  Find  the  weight  W  of  a  unit  of  length  of  the  section  of  the. 
dam  and  the  prism  of  water  A  E  F  B,  over  the  crest,  and  the 
intersection  of  the  vertical  through  the  common  centre  of 
gravity  with  P'  at  N',  and  lay  off  N'O'  vertical  and  equal  to  W. 
Draw  O'S'  parallel  and  equal  to  P',  then  S'N'  will  be  the  resul- 
tant E',  intersecting  the  base  at  q. 

"  The  values  of  P,  W,  R,  and  the  distance  D  Q  and  P',  W,  K', 
and  the  distance  1)  C^)',  given  in  the  accompanying  figure,  were 
found  by  assuming  the  following  dimensions  and  unit  weights. 
X  =  Ih  feet. 
X  =  20  feet. 
The  base  DC  =  15  feet. 

The  batter  of  A  D  =  3  feet  in  its  height. 
The  crest  A  B  =  3  feet. 

*'  The  avei'age  weight  of  the  prism  of  the  dam  =  14U  \h.  ptT 
cubic  foot,  and  the  weight  of  water  =  62-5  lb.  per  cubic  foot. 
For  P,  W,  K,  and  D  Q,  the  water  level  is  at  A  B  T,  and  for 
P',  W,  Pt',  and  D  Q'  the  surface  of  the  water  is  at  E  F  T'." 

Pkovidenle  Fii;e  iSekvick  Main. 

The  author  is  indebted  to  the  ex-City  Engineer  of  Providence, 
U.S.A.,  Mr.  Edmund  B.  Weston,  M.  Inst.  C.E.,  for  the  following 
particulars  of  a  special  high  pressure  fire  service  main  which  he 
has  laid  in  the  city  of  Provielence  (see  Figs,  (i,  7  and  S).  The 
laying  of  the  pipes  was  commenced  in  Sejitcmbor  1S06  and 
completed  in  October  18'J7.     This  main  consists  of  418"J  feet  of 
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24-iiich  main,  23,004  feet  of  16-inch  main,  and  2216  feet  of 
12-inch  main :  total  29,409  feet. 

To  these  pipes  are  connected  eighty-nine  hydrants,  the  static 
pressure  at  which  ranges  from  116  lb.  to  85  lb.  per  square  inch, 
according  to  the  elevation  of  the  hydrant.  The  sizes  of  the 
pipes  are  such  that  under  ordinary  conditions  the  pressure  will 
not  fall  below  100  lb.  per  square  inch  in  the  centre  of  the  busi- 
ness portion  of  the  city  when  5,000,000  gallons  per  twenty-four 
hours  or  3472  gallons  per  minute  are  being  drawn  from  the  pipes. 
Arrangements  have  been  made  so  that  in  the  future,  if  it  should  be 
desired,  a  stationary  pumping  plant  can  be  connected  to  the  pipe, 
and  the  pressure  raised  50  lb.  more  per  square  inch  than  the 
pressure  is  at  the  present  time.  At  a  test  in  Exchange  Street, 
a  stream  of  water  being  discharged  at  a  rate  of  about  950 
gallons  per  minute  from  a  24-inch  ring  nozzle,  reached  a  vertical 
height  of  about  137  feet. 

The  pipes  of  the  new  high  pressure  fire  service  were  laid 
6*25  feet  deep,  which  is  about  1*6  foot  deeper  than  the  depth 
pf  the  ordinary  water  pipes,  in  order  to  pass  under  the  water 
pipes  and  other  obstructions  that  were  already  in  the  ground, 
as  well  as  a  precaution  against  the  freezing  of  the  water  in  the 
pipes  of  the  hre  system,  which  will  be  more  likely  to  occur  on 
account  of  its  comparative  stagnation.  As  an  additional  safe- 
guard against  freezing,  a  by- pass  has  been  located  between  the 
high  and  low  service  and  three  blow-offs  connected  at  conve- 
nient points,  all  of  which  are  supplied  with  gates  which  are 
opened  more  or  less  in  freezing  weather,  and  a  circulation 
produced  throughout  the  entire  fire  service  system. 

The  three  special  features  about  this  high  pressure  fire 
service  main  are :  (a)  The  special  design  of  the  joints,  (h)  the 
manner  of  securing  the  pipes  where  laid  on  the  curve,  and  (c) 
the  manner  of  securing  branch  pipes.  These  special  features 
are  illustrated  in  Figs.  6,  7  and  8.  Fig.  6  shows  the  method  of 
securing  the  curved  pipe  of  the  high  pressure  fire  service. 
Fig.  7  shows  the  method  of  securing  the  branch  caps  of  that 
service,  whilst  at  Fig.  8  is  shown  the  special  joint  for  the  high 
pressure  main. 

The  author  has  now  placed  before  his  fellow  members 
information  concerning  the  latest  American  practice  in  certain 
branches  of  water  engineering,  which  he  hopes  may  prove  both 
interesting  and  useful.  Interesting  as  affording  means  for  a 
comparison  to  be  made  with  English  practice,  and  useful  as 
conveying  information  which  may  possibly  prove  instructive  in 
certain  directions. 
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DISCUSSION. 

The  Chairman  said  that  it  was  his  privilege  to  ask  the 
meeting  to  pass  a  vote  of  thanks  to  the  author  of  the  paper.  He 
had  brought  forward  some  interesting  information,  including 
prices,  some  of  which  might  seem  to  be  unusual,  judging  from 
work  in  this  country.  He  thought  they  might  form  a  subject 
worthy  of  a  certain  amount  of  discussion ;  as  it  was  not  always 
easy  to  get  prices  in  such  papers.  There  were  some  interesting 
applications  of  ferro-concrete  illustrated  in  the  plates,  and, 
although  the  paper  was  not  specially  on  that  subject,  there  was 
no  reason  why  the  discussion  should  not  deal  with  it.  Fig.  5 
showed  an  interesting  application  of  ferro-concrete  slabs  with 
expanded  metal ;  of  which  he  (the  chairman)  had  recently  seen 
some  remarkable  examples  in  this  country.  The  author  referred 
in  his  paper  to  the  certainty  that  steel  rods  embedded  in  con- 
crete would  never  corrode :  perhaps  someone  present  would  be 
inclined  to  allude  to  that  point.  English  engineers  were  always 
ready  to  benefit  by  papers  relating  to  American  practice. 

The  vote  of  thanks  was  carried  by  acclamation. 

Mr.  E.  E.  MiDDLETON  said  that  they  ought  to  be  very  much 
obliged  to  the  author  for  his  paper,  as  it  was  of  the  utmost 
importance  that  English  engineers  should  study  the  practice  of 
other  countries.  It  was  exceedingly  difficult  to  arrive  at  a 
definite  conclusion  in  pounds,  shillings,  and  pence,  as  to  the 
value  of  English  practice  as  compared  with  American,  because 
the  cost  of  materials  and  labour  differed  so  greatly  in  the  two 
countries.  The  peculiarities  \vhich  the  paper  brought  to  their 
notice  were  specially  the  use  of  cylindrical  columns  of  concrete 
instead  of  rectangular  ones  of  brick,  and  the  use  of  large  span 
reinforced  arches  and  groining  instead  of  barrel  arches.  His 
own  practice  in  constructing  reservoirs  of  the  character  described 
in  the  paper  had  been  to  use  concrete  except  for  the  facing  of 
the  inside  of  the  reservoir  He  had  not  used  shuttering  except 
for  the  roof.  He  had  employed  4.^-1  ncli  blue  or  glazed  brick- 
work with  about  ten  headers  to  the  square  yard  for  the  walls 
which  were  built  up  three  bricks  hinh  and  filled  in  at  the  back 
with  concrete  of  the  thickness  required.  He  had  found  those 
reservoirs  both  exceedingly  cleanly  in  appearance  showing  up 
the  water  brightly,  and  thoroughly  water-tight.  The  floor  was 
made  of  concrete  alone,  floated  over  with  Portland  cement 
grout.  With  regard  to  the  roof  he  almost  invariably  maile  it  of 
concrete  jack  arches  supported  by  longitudinal  steel  joists  laid 
on  cast-iron  columns.     The  latter  cost  rather  less  than  brickwork 
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and  took  up  less  room.  The  jack  arches  were  6  inches  thick  at 
the  crown.  The  level  of  the  haunch  was  lower  than  the  crown 
by  about  18  inches.  Many  of  the  figures  contained  in  the  paper 
were  not  comparable  with  that  j^ractice.  For  instance,  they 
could  only  compare  the  covering  of  the  Natick  reservoir  with 
the  covering  of  any  other  reservoir.  The  covering  of  one  of  the 
reservoirs  to  which  he  had  referred  cost  lis.  Id.  a  yard.  At  the 
Natick  reservoir  the  cost  was  17s.  lOJc?.  At  the  Franklin 
reservoir  it  was  16s.  4^.  At  the  Louisville  reservoir  it  was 
14s.  8<^.,  and  at  the  Eockford  reservoir  it  was  only  5s.  lie?.  That 
seemed  a  very  low  price  for  a  reservoir  of  that  character.  If 
the  columns  had  been  included,  the  cost  of  the  first  or  English 
one  was  13s.  ^\d.,  and  of  the  Natick  1/.  Is.  ^d.  The  Franklin 
reservoir  had  no  columns.     The  Louisville  reservoir  cost  IBs.  Id. 

The  Antwerp  reservoir,  which  was  reinforced,  cost  per  thou- 
sand gallons  21.  15s.  ^d.,  the  Eockford  ?>l.  4s.  lO^d.,  and  the 
Franklin  reservoir  21.  18s.  h^d.  The  first  reservoir  of  which  he 
had  spoken  in  this  particular  case  was  also  about  a  fourth  of  the 
size  of  that  at  Antwerp  and  cost  about  4/.  10s.  per  thousand 
gallons.  Tlie  Antwerp  reservoir  which  had  a  capacity  of  about 
two  and  a  half  million  gallons  was  the  cheapest  of  all. 

A  little  while  ago  he  had  to  construct  a  reservoir  exactly 
like  those  he  had  described  as  far  as  the  roof  was  concerned, 
and  it  had  to  go  before  the  Local  Government  Board.  The 
engineer  suggested  that  it  was  an  entirely  new  departure,  but  he 
(Mr.  Middleton)  told  him  that  he  had  used  a  similar  construction 
at  the  Forth  Bridge  23  years  ago,  and  also  that  he  had  put 
another  reservoir  of  about  the  same  size  in  the  same  place  17 
years  ago,  with  similar  steel  joists.  The  engineer  to  the  Local 
Government  Board  feared  the  joists  would  rust.  lie  (the 
speaker)  was  able  to  have  the  reservoir  emptied  shortly  after- 
wards, and  he  examined  the  steel  girders,  they  were  barely 
touched  with  rust  on  the  underside  where  exposed  to  vapour 
from  the  water  after  17  years. 

With  regard  to  the  use  of  ferro-concrete  generally  for 
purposes  like  reservoirs  where  there  was  consideraljle  exposure 
to  damp  he  was  very  doubtful  whether  it  would  last.  Ferro- 
concrete was  a  somewhat  new  thing.  He  had  seen  cases  where 
the  steel  had  rusted  after  a  short  time.  On  the  other  hand 
he  had  found  cases  where  the  steel  had  been  absolutely  bright. 
In  the  first  case  damp  must  have  penetrated  to  the  steel  re- 
inforcement, in  the  second  there  must  have  been  a  movement 
both  in  the  concrete  and  in  the  steel  which  tended  to  their 
destruction.  He  was  sure  armoured  concrete  might  be  used 
economically  and  with  great  advantage  in  large  warehouse 
floors  and  in  places  where  no  damp  was  likely  to  come.     In  all 
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probability  the  piles  which  had  been  used  in  several  cases  with 
reinforcement  inside  them  would  last  at  any  rate  for  a  great 
number  of  years,  though  if  concrete  alone  was  used  without  any 
reinforcement  and  carried  down  as  had  been  suggested  in  a  steel 
case  to  be  afterwards  removed,  the  same  result,  he  believed, 
would  not  be  obtained  without  danger  of  destruction  from  rust. 
He  constructed  some  concrete  piles  some  years  ago  somewhat 
after  that  fashion  by  driving  in  wooden  piles  and  withdrawing 
them,  and  then  filling  up  the  space  with  concrete,  and  the  result 
had  been  extremely  satisfactory.  Of  course,  in  some  places 
where  there  was  water  and  ferro-concrete  piles  had  been  used,  that 
would  not  be  applicable,  but  the  system  in  which  the  concrete 
was  filled  into  a  steel  casing,  which  was  afterwards  withdrawn, 
leaving  the  concrete  free  without  possibility  of  any  rusting 
taking  place,  would  be  safer  than  any  system  which  combined 
both  concrete  and  steel.  He  had  looked  into  the  cost  of  reser- 
voirs constructed  of  ferro-concrete,  and  he  believed  that  similar 
reservoirs  could  be  constructed  of  concrete  alone  at  the  same  cost. 
That,  of  course,  meant  that  they  would  allow  a  considerably 
greater  thickness  of  concrete  than  where  reinforcement  was 
used.  In  one  case,  they  had  practically  a  homogeneous  mass, 
and  in  the  other  they  had,  at  any  rate  at  present,  a  somewhat 
mixed  material. 

With  regard  to  what  the  author  of  tlie  paper  had  said  about 
fire-mains,  he  did  not  (piite  understand  why  such  precautions 
liad  been  taken  about  a  main  that  had  only  100  feet  head  of 
water.  He  put  down  some  fire-mains  some  years  ago,  into 
which  the  water  liad  to  be  pumped,  as  there  was  no  water  supply 
sufficiently  high  to  force  the  water  through  the  fire-lio.se  up  to 
the  roofs  of  the  buildings  which  had  to  be  protected.  If  tliere 
was  a  fire,  the  supply  was  cut  off,  and  the  i)unipiiig  engines 
were  connected  directly  witli  the  mains.  The  mains  were 
simply  ordinary  quality  cast-iron  pipes  with  lead  joints.  The 
water  was  thrown  to  a  height  of  about  120  feet. 

He  had  hoped  that  he  should  have  heard  something  from 
the  author  as  to  the  difference  of  construction  of  impounding 
reservoirs  in  England  and  America  as  well  as  of  service  reser- 
voirs. The  American  practice  was,  in  many  cases,  very  different 
from  the  English,  and,  with  due  deference  to  American  engineers, 
he  thought  that  it  was  inferior  to  the  English.  English 
engineers  preferred  to  use  puddle  for  the  centre  of  an  eartlibank, 
and  Americans  generally  used  concrete  or  rubble.  The  bank 
was  always  moving,  more  or  less,  and  lioth  concrete  and  rubble 
were  liable  to  be  fractured  by  the  movement,  whereas  clay 
adapted  itself  to  the  movement.  There  were  other  conditions 
of  construction  which  were  different  from  those  in  this  country, 
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and  it  would  be  of  the  greatest  interest  to  English  engineers,  if 
the  author  would  direct  his  attention  to  them  and  give  some 
particulars  in  a  future  paper. 

.  Sir  Edward  Eaban  said  that,  although  he  had  not  come 
prepared  to  discuss  the  paper,  he  might  make  one  or  two  brief 
remarks  on  what  Mr.  Middleton  had  said.  Mr.  Middleton  had 
told  them  that,  for  certain  purposes,  simple  concrete  piles  might 
be  preferred  to  reinforced  concrete,  and  he  was  inclined  to  agree 
with  him  ;  but  there  were  many  cases  in  which  they  had  to  use 
piles  and  in  which  they  wanted  something  of  the  elasticity  which 
was  got  from  the  reinforcement  of  the  concrete.  It  might  be  pos- 
sibleand  even  probable  that  reinforced  concrete  was  not  an  abso- 
lutely permanent  thing,  yet,  for  sea  work,  it  was  a  material  so 
infinitely  more  permanent  than  the  ordinary  timber  pile,  and  as 
it  resisted  the  action  of  the  teredo  and  other  marine  organisms, 
it  was  well  to  put  in  ferro-concrete,  even  though  it  might  not  be 
absolutely  permanent.  It  had  the  advantage — and  this  he  was 
able  to  speak  of  with  some  little  experience — that  it  would  resist 
the  impact  of  heavy  ships  bumping  against  it  in  a  way  that  a 
concrete  pile  would  not.  There  were  other  cases  also  in  which 
reinforced  piles  had  their  virtues  for  exactly  the  same  reason. 

He  was  also  struck  with  another  remark  made  by  Mr  Middle- 
ton,  and  he  took  it  very  much  to  heart  indeed,  because  he  thought 
that  everyone  should  take  to  heart  everything  that  Mr.  Middle- 
ton  had  told  them.  It  was  that,  on  the  whole,  Mr.  Middleton 
was  of  opinion  that  all  concrete  reservoirs  could  be  made  as 
cheaply  as  reinforced  concrete.  He  (Sir  Edward  Eaban)  thought 
that  that  must  depend  very  much  on  local  conditions,  and,  indeed 
Mr.  Middleton  had  stated  so  at  the  beginning  of  his  remarks. 
It  would  depend  upon  whether  they  had  the  materials  for  good 
concrete  in  the  locality  of  the  work.  Mr.  Middleton  had  told 
them  how  difficult  it  was  to  compare  tlie  price  of  English  work 
with  American  work,  because  the  rates  of  labour  and  transport 
and  all  kinds  of  other  things  varied  very  much.  They  had  in 
the  paper  the  fact  that,  in  more  than  one  case,  no  machinery 
\vas  used  at  all,  and  that  the  labour  was  all  hand  labour  ;  and, 
then,  they  were  told  again  that  it  was  exceedingly  unskilled 
labour,  and  that  it  was  only  with  the  greatest  personal  attention 
on  the  part  of  the  engineering  staff  that  they  were  able  to  get 
the  work  done  at  all.  For  those  reasons,  he  thought  that  it  was 
unsafe  to  lay  down  as  a  general  rule  that  they  could  carry  out 
work  more  cheaply  in  all  concrete  than  in  reinforced  concrete. 
He  believed  that  there  were  cases  where  it  must  be  true  that 
reinforced  concrete  was  cheaper,  and,  probably  better  than  all- 
concrete.  No  doubt,  there  were  other  cases  in  which  a  much 
simpler  form  of  construction  would  be  both  cheap  and  efficient. 
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Mr.  Percy  Griffith  said  that  they  would  all  agree  that  a 
comparison  between  English  practice  and  that  of  other  countries 
was  very  useful.  He  would  endorse  Mr.  Middleton's  suggestion 
that  the  author  should  extend  his  researches,  and  give  the 
Society  on  some  future  occasion  a  paper  upon  other  branches  of 
engineering  practice  in  America.  The  author  had  brouglit  before 
them  several  interesting  points  of  comparison  between  British 
and  American  methods  of  construction,  although  the  autlior  dis- 
claimed the  intention  of  making  any  such  comparison.  When 
American  practice  was  described,  one  rather  expected  to  hear  of 
something  which  was  subversive  of  prevailing  ideas  and  practice 
in  this  country.  He  did  not,  however,  find  anything  in  the 
paper  of  a  very  startling  character,  or  which  was  not,  more  or 
less,  familiar  to  English  engineers. 

The  most  interesting  and  important  point  to  which  tlie 
author  drew  attention  was  reinforced  concrete,  and  he  noticed 
that  the  example  referred  to  was  a  dam  where  the  construction 
practically  represented  a  flat  surface  supported  on  buttresses 
where  the  stresses  on  the  intermediate  spans  corresponded  to 
those  on  an  ordinary  reservoir  roof,  or  very  nearly  so.  That, 
he  thought,  did  not  altogether  illustrate  the  most  interesting 
construction  to  which  reinforced  concrete  could  be  applied. 
Most  English  water  engineers  were  so  far  converted  to  the  use 
of  reinforced  concrete  that,  under  reasonably  suitable  circum- 
stances, they  would  be  disposed  to  use  it  very  readily. 

Another  important  point  to  which  the  author  drew  attention 
was  the  use  of  groined  arches.  That  applied  to  three  or  four  of 
the  examples  quoted  by  the  author.  He  thought  that  others 
would  join  him  in  asking  the  author  wherein  lay  the  advantage 
of  a  groined  arch,  by  which,  of  course,  he  understood  an  arch 
which  was  arched  in  both  axes.  A  simple  arch  with  one  axis 
appeared  to  meet  every  possible  need  in  the  case  of  a  reservoir 
or  filter  roof,  supported,  as  it  usually  w^as,  either  on  steel  girders, 
or  (if  the  Local  Government  Board  inspectors  objected  to  steel 
girders)  on  a  wall,  which  could  be  arched  or  not,  according  to 
circumstances.  They  could  secure  a  perfectly  satisfactory  con- 
struction with  a  single  axis  arch,  and  he  could  not  at  all 
comprehend  why  their  brother  engineers  in  America  had  seen 
fit  to  resort  to  the  more  complicated  and  more  costly  groined 
arch. 

Another  noticealjle  feature  in  the  examples  which  the  author 
had  given  was  the  mixtures  of  concrete.  A  proportion  of  7  to  1 
seemed  to  be  the  strongest  mixture  mentioned,  and  9  to  1  was 
given  in  several  instances.  In  that  respect  Englisli  engineers 
evidently  differed  from  their  American  friends  in  their  ideas 
about  the  strength  of  the  work  which  they  carried  out.     In  I  he 
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table  of  groined  arch  work,  the  average  proportion  of  the  con- 
crete was  8  to  1.  Of  course,  if  one  were  absolutely  regardless 
of  the  quantity  of  material  to  be  used,  those  proportions  were 
perhaps  not  so  important,  but  in  a  construction  where  the 
strength  of  the  structure  was  a  matter  for  calculation,  the 
English  practice  was  safer,  without  being  extravagant. 

The  principal  point  of  interest  about  the  Natick  reservoir 
was  that  its  roof  had  groined  arches.  He  would  suggest  that 
the  ordinary  arch  construction  would  have  been  cheaper  and 
quite  as  efficient.  There  was,  however,  a  small  point  of  con- 
struction shown  in  the  section  of  the  reservoir  on  Plate  I., 
which  seemed  to  call  for  some  explanation.  He  referred  to  the 
dwarf  walls  built  in  the  reservoir  banks,  and  called  by  the 
author  "  core  "  walls.  In  that  connection,  there  was  a  some- 
what mysterious  reference  to  serious  leakages  wliich  took  place 
"occasionally."  He  could  not  quite  understand  how  leakages 
could  be  "  occasional,"  his  own  experience  being  that  once  they 
commenced  they  kept  on,  and  became  increasingly  troublesome. 
He  was  a  little  puzzled  to  know  how  the  "  core "  walls  could 
prevent  a  leakage  in  the  bank,  unless  they  were  carried  down 
into  the  natural  ground.  He  could  only  suggest  that  the 
explanation  would  be  found  in  the  nature  of  the  subsoil  upon 
which  the  reservoir  was  constructed.  That  introduced  what  in 
his  (the  speaker's)  mind  was  a  question  of  the  utmost  importance 
in  comparing  one  form  of  construction  with  another.  No  useful 
comparison  was  possible,  unless  they  knew  all  the  local  circum- 
stances. One  often  heard  engineers  speaking  about  its  being 
"  their  practice  "  to  do  so  and  so  ;  but  he  had  never  yet  been 
able  to  standardise  his  practice  in  regard  to  any  particular  form 
of  construction,  because  he  never  found  the  local  circumstances 
sufficiently  alike  in  any  two  cases  to  justify  the  application  of  a 
standard  design. 

With  reference  to  the  Natick  reservoir,  the  floor  was  shown 
as  only  4  inches  thick.  There  again  they  clearly  met  with  the 
importance  of  local  circumstances,  and  he  expected  that  the 
explanation  of  that  point  was  the  same  as  in  the  previous  case 
of  the  "  core  "  walls,  viz.  that  the  foundation  in  both  cases  was 
remarkably  sound  and  good,  probably  solid  clay,  which  in  the 
one  case  was  used  in  the  banks,  and  in  the  other  enabled  the 
floor  to  be  made  4  inches  thick,  without  reinforcement.  The 
same  question  as  to  the  subsoil  arose  with  regard  to  the  load  on 
the  piers,  which,  the  author  said,  was  between  18  and  19  tons  to 
the  square  foot  at  the  bottom.  That  showed  that  the  subsoil 
must  be  pretty  good.  The  table  of  groined  roof  structures  was 
interesting,  but  he  missed  what  would  have  been  a  most  interest- 
ing column,  namely,  that  of  /.  s.  d. 
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The  illustration  of  the  Franklin  reservoir  presented  a  small 
point  of  some  interest,  namely,  the  fact  tliat  the  washout  pipe 
was  laid  at  a  curious  angle  right  through  the  floor.  One  usually 
avoided  the  risk  of  breaking  the  continuity  of  a  reservoir  floor 
by  keeping  pipes  clear  of  the  floor  and  laying  them  in  an 
independent  mass  of  concrete.  The  question  of  groined  arches 
arose  again  in  connection  with  that  reservoii' ;  the  real  ques- 
tion of  cost  arising  mainly  in  connection  with  the  centreing. 
If  reinforced  concrete  construction  were  adopted,  it  was  the 
common  practice  to  avoid  an  arch  altogether  and  to  have  simply 
a  flat  slab  about  5  inches  thick,  which  had  been  found  by  ex- 
periment to  stand  enormous  loads.  In  the  present  case  the 
centreing  was  reduced  to  a  minimum,  consisting  of  nothing 
more  than  flat  boards  supported  on  scaffold  poles.  In  that 
reservoir  the  floor  was  only  6  inches  thick,  and  that  again 
seemed  to  suggest  a  good  sound  subsoil. 

In  connection  with  the  Louisville  reservoir  the  author 
explained  that  the  roof  was  made  unnecessarily  strong,  and 
that  the  contractor  was  rather  nervous  of  the  test  to  which  it 
was  put.  In  this  country  engineers  were  generally  more  jealous 
of  the  /.  s.  d.  than  they  were  in  America,  and  had  to  "  cut  theii- 
coat  according  to  their  cloth,"  it  sometimes  being  a  *'  tight  fit." 
One  really  wondered  whether  the  extra  cost  in  the  reservoir  in 
question  was  justified.  The  cost  of  the  Eockford  reservoir 
appeared  to  have  been  very  low  indeed,  and  the  explanation 
was  not  particularly  clear.  Possibly,  the  author  miglit  be  able 
to  tell  them  why  the  cost  in  that  case  worked  out  at  9Jc^.  a 
square  foot  as  compared  with  2s.  in  the  previous  cases.  The 
question  of  substituting  clay  for  concrete  in  the  haunching, 
was  another  point  involving  a  knowledge  of  local  circumstances, 
because  if  there  was  no  clay  in  the  neighbourhood  it  might  be 
cheaper  to  use  concrete. 

AVith  regard  to  the  dam  illustrated  on  Plate  III.,  he  would 
suggest  that  that  design  was  not  at  all  suitable  for  high  dams 
such  as  were  common  in  this  country.  He  could  quite  appre- 
ciate the  design  being  used  in  the  case  of  a  reservoir  which  was 
formed  entirely  by  excavation,  but  not  in  the  case  of  an  im- 
pounding reservoir  formed  by  means  of  a  dam  at  one  end.  It 
was  rather  curious  that  the  diagram  given  in  the  text  of  the 
paper  was  totally  different  from  that  given  as  a  practical  example, 
and  he  would  like  to  know  whether  the  latter  fairly  represented 
the  practice  to  which  the  author  was  alluding,  and  of  which  the 
calculations  were  given. 

As  to  the  fire-service  main  described  in  the  paper,  at  least 
60  per  cent,  of  the  waterworks  in  this  country  sup])lied  some 
parts  of  their  districts  with   water  at  a  pressure  (»f  IK)  11).  per 
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square  inch,  and  they  did  not  as  a  rule  use  bolts  and  nuts  to 
hold  the  joints  together,  but  relied  upon  ordinary  lead  joints. 
Of  course,  with  pressures  of  700  lb.  per  square  inch  for  hydraulic 
power  purposes  bolted  joints  would  obviously  be  necessary,  but 
he  could  not  see  why  they  should  be  used  for  such  a  small 
pressure. 

Mr.  G.  B.  Williams  said  that  it  was  very  satisfactory  to 
have  information  with  regard  to  American  works  put  before 
them  in  such  a  concise  form  as  in  Mr.  Matthews's  interesting 
paper.  In  one  respect  he  rather  disagreed  with  some  of  Mr. 
Griffith's  remarks.  He — the  speaker — considered  that  in  this 
country  both  in  designing  works  of  water  supply  and  also 
sewerage  works,  there  was  a  distinct  tendency  for  English 
engineering  practice  to  get  into  a  groove.  It  was,  therefore, 
very  advantageous,  even  from  the  point  of  view  of  engineers 
whose  work  lay  wholly  in  this  country,  to  be  occasionally 
reminded  that  there  were  other  methods  of  construction  than 
those  with  which  they  were  familiar.  On  the  other  hand,  those 
members  of  the  profession  who  had  to  face  engineering  or  sanitary 
problems  in  newer  countries  were  glad  to  get  any  light  that 
could  be  thrown  on  them  by  a  description  of  recent  American 
work. 

In  such  cases  the  difficulty  with  which  they  had  usually  to 
deal  was  that  they  had  a  rapidly  increasing  population,  generally 
of  mixed  nationalities,  often  living  in  the  most  unhealthy  sur- 
roundings, with  practically  no  form  of  sanitation  at  all,  and 
generally  with  none  of  the  conveniences  of  civilisation.  Many 
engineering  works  were  thus  urgently  necessary,  while  the 
amount  of  money  which  could  be  expended  upon  them  was 
strictly  limited,  and  engineers  had  to  choose  between  doing  the 
works  in  the  most  economical  way  possible,  and  not  doing  them 
at  all. 

He  agreed  with  what  had  been  said  as  to  the  advantage  of 
having  full  details  of  cost  set  out  in  a  paper  of  the  present  kind, 
as  was  done  in  this  case.  He  noticed  that  English  engineers  in 
writing  papers  describing  the  works  which  they  had  done,  often 
appeared  to  be  chary  of  giving  details  of  expenditure,  as  if  the 
cost  was  a  thing  to  be  ashamed  of  (as,  in  fact,  it  very  often  was), 
but,  after  all,  cost  was  the  ruling  factor  in  nearly  all  engineering 
matters,  and  descriptions  lost  nearly  half  their  value  when  those 
details  were  omitted.  He  was  interested  and  somewhat  sur- 
prised to  find  how  very  great  was  the  difference  in  cost  between 
American  and  English  work  of  the  same  nature.  For  instance, 
oOs.  a  cubic  yard  for  concrete  in  an  arched  roof  or  34s.  for  con- 
crete in  a  floor  were  exceedingly  high  prices.  They  were  about 
double  what  was  paid  in  England  for  the  same  class  of  work. 
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Mr.  Middleton  had  given  them  examples  of  prices  of  English 
work  and  compared  them  with  the  prices  stated  in  the  paper. 
He  would  also  like  to  mention,  by  way  of  comparison,  the 
cost  of  roofing  a  reservoir  which  had  been  recently  constructed 
in  this  country.  The  reservoir  was  86  feet  long  by  59  feet  wide, 
and  the  greatest  depth  was  12  feet  6  inches.  It  contained  about 
350,000  gallons,  and  the  roof  was  a  4  to  1  concrete  roof  with  an 
average  thickness  of  about  7  inches,  supported  by  6-inch  by 
4i-inch  steel  joists,  placed  3  feet  apart.  They  were  supported 
on  14-inch  longitudinal  brick  walls.  The  cost  worked  out  to 
exactly  Is.  6d.  per  square  foot.  The  roof  was  an  exceptionally 
strong  one,  but  the  price  compared  favourably  with  most  of  tlie 
examples  quoted  in  the  paper. 

He  agreed  that  it  would  be  interesting  to  have  further  details 
as  to  the  subsoil  in  the  Xatick  reservoir.  A  pressure  of  from 
18  to  19  tons  per  square  foot  on  a  foundation  18  inches  deep 
seemed  to  show  a  rather  exceptional  trust  in  Providence,  which 
he  hoped  would  be  justified. 

As  to  the  Franklin  reservoir,  lie  would  not  like  to  see  a  large 
crowd  of  people  assembled  on  the  roof.  Xor  was  there  any 
special  reason  which  one  could  see  from  the  drawings  why  the 
reservoir  should  be  water-tight.  There  was  no  lining  of  any 
kind,  nor  was  there  any  facing  of  cement  rendering.  One  would 
naturally  suppose  that  it  would  leak  like  a  sieve. 

Generally  sjjeaking  he  thought  that  the  examples  were  a 
little  disappointing.  There  was  nothing  which  one  would  feel 
very  much  inclined  to  imitate.  The  only  exception  was  the 
round  pier,  which,  after  all,  was  a  somewhat  minor  detail.  The 
groined  arches  might  or  might  not  be  a  very  good  form  of  con- 
struction ;  but  it  was  a  fairly  well  known  one,  and  was  not 
confined  to  America.  The  idea  of  forming  depressions  over  the 
piers  did  not  strike  him  as  being  extraordinarily  original,  because 
it  was  what  one  would  natm-ally  do.  The  only  thing  necessary 
would  be  to  rrrange  some  method  by  which  the  depressions 
would  be  drained. 

He  did  not  quite  understand  what  the  author  meant  by 
saying  that  the  concrete  dam  was  an  entirely  new  departure, 
because  there  were  several  other  reinforced  concrete  dams  in 
America,  and  some  of  them  seemed  to  be  of  exactly  the  same 
type  as  those  described  in  the  paper.  He  should  say  that  there 
would  be  a  great  deal  of  prejudice  against  introducing  such  a 
form  of  construction  in  this  country.  ^  But  there  were  places  in 
the  Colonies  with  which  he  was  acquainted  where,  for  the  sake 
of  economy,  he  would  be  prepared  to  build  a  dam  of  .something 
of  that  nature,  if  occasion  should  arise. 

He  wished  to  ask  the  author  a  question  which  was  suggested 
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by  some  remarks  made  by  Mr.  Middleton,  and  that  was  whether 
there  was  in  America  any  restriction  or  any  control  over  the 
expenditure  of  local  bodies  exercised  by  a  department  corre- 
sponding to  our  Local  Government  Board.  If  not,  American 
engineers  would  have  an  obvious  advantage  in  the  matter  of 
economical  forms  of  construction.  At  the  same  time  there 
would  not  seem  to  be  any  protection  for  the  inhabitants  of  the 
country  in  general,  or  the  ratepayers  in  particular,  against  the 
results  of  vast  experiments  or  inefficient  or  inexperienced  engi- 
neering, such  as — whatever  its  faults  might  be — was  undoubtedly 
provided  to  some  extent  by  the  Local  Government  Board. 

Mr.  G.  H.  Hughes  said  that  he  appreciated  the  valuable 
remarks  which  Mr.  Middleton  made  as  to  his  own  practice,  and 
he  must  say  that  he  followed  on  a  somewhat  similar  line.  He 
had  never  had  a  failure  of  that  form  of  construction  with  steel 
joists  and  ordinary  segmental  or  semi-circular  arches.  But  one 
system  which  was  very  cheap  in  construction  was  to  place 
between  the  steel  joists,  when  spaced  about  3  feet  apart,  corru- 
gated iron  bent  to  the  radius  of  the  arch,  and  not  to  use  any 
centreing  of  timber  whatever,  the  bottom  flanges  of  the  steel 
joists  forming  a  support,  and  concrete  being  filled  in  between 
the  joists.  The  corrugated  iron  was  left  in  after  the  construc- 
tion, and  remained  in.  On  examining  the  reservoirs  several 
years  after  he  found  the  roofs  sound.  He  mentioned  that  as  a 
very  cheap  form  of  construction.  Besides,  when  using  timber 
and  shuttering,  there  was  a  risk  of  striking  the  timbering  too 
early.  He  had  seen  reservoirs  in  which  the  concrete  had  fallen 
away,  and  the  arches  had  cracked  on  that  account.  Through 
there  being  too  much  haste  in  striking  the  shuttering,  there  had 
been  a  little  movement. 

Another  form  had  been  simply  a  4J-inch  brick  arch  sprung 
from  the  lower  flanges  of  the  steel  joists  and  the  spandril  spaces 
filled  in  with  concrete,  laid  to  a  fall  to  drain  the  surface  water 
from  the  top  of  the  reservoir.  He  believed  in  all  those  cases  the 
cost  had  come  out  at  from  about  1'25  shilling  to  1*80  shilling 
per  square  foot,  including  the  sheet  iron  and  the  joists. 

One  important  point  in  considering  the  cost  of  reservoirs  was 
the  nature  of  the  subsoil,  the  depth  of  the  excavation,  and  the 
amount  of  material  to  be  moved.  That  did  not  appear  in  the 
paper,  but  it  was  a  very  important  feature  in  estimating  the  cost 
of  a  reservoir.  Such  a  pressure  as  18  to  19  tons  to  the  square 
foot,  referred  to  by  the  author,  was  extraordinary  for  ordinary  soil. 
He  should  think  there  must  be  good  rock  bottom  to  carry  that  load. 
His  practice  had  been  to  avoid  more  than  3  tons  to  the  square 
foot,  and  he  had  sometimes  reduced  the  pressure  to  2  tons  or 
even  1  ton.     That  point  had  been  overlooked  by  some  engineers. 
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He  had  recently  to  report  upon  a  reservoir  that  failed.  The 
excavations  seemed  good.  They  had  been  taken  down  to  about 
half  the  depth  of  the  reservoir,  and  tlie  reservoii'  had  a  reinforced 
concrete  bottom  11  inches  thick.  The  concrete  was  6  to  1,  and 
the  cement  was  good.  Everything  seemed  to  have  been  well 
done,  but,  when  the  reservoir  was  filled  with  water  to  a  depth 
of  15  feet,  the  bottom  collapsed,  and  the  water  ran  away.  On 
examination  he  discovered  the  cause ;  the  bottom  was  formed 
of  conglomerate  rock  bedded  with  clay  and  very  soft  material. 
There  had  been  a  failure,  he  supposed,  in  some  part  of  the 
bottom  where  the  water  got  out  and  washed  a  void,  and  the  void 
increased.  The  reinforcement  being  only  in  one  direction,  the 
bottom  cracked,  and  the  water  escaped.  He  went  down  a  void, 
or  swallow,  17  feet  deep  below  the  bottom  of  the  reservoir. 

That  went  to  show  that  in  the  construction  of  a  reservoir 
the  first  thing  was  to  consider  the  nature  of  the  ground  before 
they  could  decide  the  material  of  whicli  it  was  to  be  constructed 
and  the  dimensions.  Of  course,  where  sand  and  gravel  were 
available,  concrete  construction  would  be  much  the  cheaper 
form.  In  cases  in  which  neither  sand  nor  gravel  was  available, 
perhaps  bricks  would  be  the  only  cheap  material  to  be  had  on 
the  spot. 

Mr.  Middleton  had  referred  to  the  4J-inch  brick  lining  of 
the  internal  walls,  the  back  being  filled  up  with  concrete.  That 
was  a  system  of  which  he  (Mr.  Hughes)  had  also  had  experience, 
and  he  had  found  it  very  satisfactory  and  very  cheap  where 
materials  were  available.  Perhaps  to  the  top  of  a  hill  the 
cartage  of  timber  and  materials  would  be  an  expensive  item, 
and  much  of  that  was  saved  thereby. 

There  was  a  point  in  reference  to  the  reinforced  dam  to 
whicli  previous  speakers  had  not  referred,  and  that  was  the 
joining  of  the  Thacher  bars  Of  course,  the  reinforcement 
of  the  concrete  depended  very  much  on  the  joints.  The  bars 
could  not  be  got  continuous  in  very  long  lengths,  and  round  l)ars 
were  not  so  easily  riveted  as  flat  bars.  Could  the  author  give 
any  information  as  to  the  joining  up  of  the  longitudinal  l)ars? 

In  reference  to  the  Providence  fire- main,  he  took  it  that  the 
particular  specially  designed  pipe-joints  were  only  used  where 
the  mains  were  laid  on  a  curve.  In  dealing  with  mains  wliere 
the  water  was  suddenly  arrested  ;  it  had  l)eeu  his  practice  always 
to  secure  them  by  bands  and  bolts  at  [curves  and  at  dead  ends. 
If  a  4-inch  hydrant  on  a  12-inch  main  was  closeil  very  quickly 
it  would  be  liable  to  draw  forward  a  short  hnigth  of  main,  and  it 
was  very  important  either  to  secure  the  pii)e  on  to  the  hydrant 
by  having  drilled  holes  through  the  socket  into  the  pipe  and  set 
screws,  or  else  by  having  a  fhit  band  and  bolts,  in  a  similar  way 
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to  that  described  by  the  author,  to  prevent  the  joint  blowing. 
He  took  it  that  all  the  joints  were  ordinary  spigot  and  socket 
joints,  because  the  section  of  the  socket  was  shown  on  Plate  III., 
and  the  stayed  joints  were  merely  to  prevent  movement. 

There  was  a  little  misunderstanding,  he  thought,  as  to  the 
pressure  of  116  lb.  per  square  incli.  If  they  had  a  flow  through 
several  hydrants,  it  would  be,  he  thought,  a  wise  precaution  to 
stay  the  curves.  He  had  known  24-inch  and  also  18-inch 
mains  where  the  joints  had  blown  at  curves  in  soft  ground. 
Another  remedy  was  to  concrete  around  the  outer  radius  of  the 
curves  between  the  mains  and  the  trench  to  prevent  movement 
of  the  pipes,  and  consequent  "  blowing "  of  the  joints.  In 
another  case  there  were  about  ten  miles  of  pumping  main  with 
a  double-acting  pump  on  it.  Although  the  pressure  was  not 
nearly  so  heavy  as  the  one  which  would  start  the  joints,  the 
vibration  of  the  pump  caused  the  joints  to  shift,  and  they  had 
to  be  kept  together  by  means  of  tie-bolts  and  straps,  or  more 
correctly,  the  lead  joints  were  held  in  position  by  that  means. 
He  would  add  his  appreciation  of  Mr.  Matthews's  paper,  and  the 
valuable  details  he  had  obtained  and  laid  before  the  Society 
respecting  recent  American  waterworks  construction. 

Mr.  W.  H.  HoLTTUM  said  that  he  thought  the  author  might 
have  given  more  information  concerning  the  geological  conditions 
in  which  the  reservoirs  and  works  were  carried  out.  Without 
such  data,  it  could  not  be  determined  whether  they  were 
to  feel  surprised,  or  not,  at  the  great  cost  of  the  concrete.  It 
might  be  that  there  was  some  reason  why  the  concrete  was 
such  a  price  as  quite  appalled  them,  but  there  were  things 
that  they  had  learned ;  for  instance,  if  they  had  concrete  at 
that  figure,  they  would  have  to  look  most  carefully  after  the 
crude  manual  labour,  and  probably  be  brought  to  such  economies 
as  leaving  little  pocket  holes  to  save  the  concrete,  and  to  dump- 
ing boulders  into  it  of  a  size  that  one  man  could  lift,  as  referred 
to  in  the  paper. 

Eeference  was  made  in  the  paper  to  "  a  slight  settlement 
and  also  to  sliglit  contraction  owing  to  very  cold  weather,"  and 
it  was  also  stated  that,  "  In  no  case  were  the  cracks  thicker  at 
the  surface  tlian  a  penknife  blade,  and  they  entirely  disappeared 
just  below  the  surface.  They  were  filled  with  liquid  grout,  and 
were  not  noticed  again."  That  was  where  the  inspection  did 
not  seem  to  go  quite  far  enough.  He  wislied  to  know  whether 
it  might  not  have  been  noticed  again,  and  that  the  cracks  in  the 
concrete  liad  extended  downwards.  That  was  a  point  on  which 
lie  should  have  been  particularly  anxious.  The  supervision  of 
the  work  was,  as  already  noted,  a  lesson  to  them  all.  Constant 
vigilance  had  been  bestowed  on  it,  and  he  would  have  been  glad 
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to  have  had  some  more  detail  of  the  resultant  circumstances, 
which  tended  to  reduction  in  both  volume  of  concrete,  and  cost 
of  construction.  Those  concrete  roofings  and  floorings  were 
liable  to  crack  at  about  every  15  feet,  and  such  cracks  would 
be  detrimental.  There  were  cracks,  but  apparently  they  were 
not  of  a  serious  nature.  In  works  of  the  kind  under  notice  a 
"  purpose  "  left  straight  jointing  in  slabs  of  from  12  to  15  feet 
square  obviated  unsightly  cracking,  and  such  joints  could  be 
left  so  as  to  receive  satisfactorily  the  subsequent  cement  grout 
filling. 

Mr.  H.  C.  H.  Shenton  observed  that  ]\Ir.  Percy  Griffith  said 
he  saw  nothing  very  new  or  surprising  in  the  designs  brought  for- 
ward by  the  author ;  but  Mr.  Griffith  appeared  to  have  overlooked, 
at  any  rate,  the  Franklin  reservoir,  in  which  tliere  was  a  retain- 
ing wall  for  water  which  was  apparently  backed  by  made  earth 
20  feet  liigh  and  3  feet  5  inches  thick  at  the  base.  He  did  not 
think  that  many  English  engineers  would  care  to  put  in  a 
reservoir  wall  like  that  He  had  known  the  Local  Government 
Board  object  to  walls  of  much  greater  strength.  He  would  like 
to  know  if  the  steel  hoop  round  the  top  was  the  explanation  of 
the  extraordinary  dimensions  of  the  wall.  That  wall,  as  far  as 
he  could  see,  could  not  be  trusted  to  support  the  water.  He 
supposed  that  its  circular  form  must  be  taken  into  account  as 
making  it  strong  enough  to  take  the  earth  pressure,  but  he  did 
not  think  a  wall  which  had  a  maximum  thickness  equal  to  about 

1  of  its  height  was  strong  enough  to  support  ordinary  earth 
pressure. 

Another  noticeable  thing  was  tliat  in  one  reservoir  there 
aj)peared  to  be  a  floor  4  inches  thick  which  was  not  reinforced 
in  any  way,  whereas,  in  the  Louisville  reservoir,  a  floor  15  inches 
thick  was  shown  where,  as  far  as  could  be  gathered,  the  foundation 
was  soft,  viz.  clay  puddle.  It  appeared  to  him  that  the  engineer 
would  have  done  very  much  better  to  rely  on  the  reinforced  con- 
crete there,  because  he  did  not  think  that,  if  the  foundations  were 
soft,  the  15  inches  of  concrete  would  not  be  enough  to  sustain 
the  water  pressure.  That  pressure  was  about  20  feet,  and  it 
looked  very  much  as  if  a  little  reinforcement  might  have  been 
put  there  with  advantage.  A  15-inch  beam  of  concrete  of  large 
span  resting  on  puddled  clay  with  a  load  of  1240  lb.  i)er  square 
foot  was  poor  work  indeed.     Then  over  that  there  was  a  roof 

2  inches  thick,  apparently  of  reinforced  concrete,  but  still  very 
thin.  He  did  not  know  what  distance  apart  the  ribs  were,  but 
2  inches  seemed  to  be  too  thin  for  anything. 

He  supposed  that  engineers  in  America  had  a  very  much 
freer  hand  than  they  had  over  here.  They  were  })iobably  not 
made  to  conform  to  any  requirements  of  a  Local  Government 
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Board  or  authority  of  that  kind.  They  could  simply  put  in  the 
most  extraordinary  structures,  and,  generally,  they  were  success- 
ful. But,  sometimes,  they  were  not  successful,  and  awful 
accidents  happened  in  consequence.  The  English  engineer  had 
not  a  free  hand,  for  instance,  for  one  reason  and  another,  he 
was  hardly  allowed  to  put  in  ferro-concrete  at  all.  There  was 
a  great  prejudice  against  it,  and  as  some  speakers  had  said, 
there  was  even  an  objection  to  the  use  of  steel  joints  with  con- 
crete. 

With  regard  to  the  water  main,  he  endorsed  what  Mr. 
Griffith  had  said.  He  had  seen  mains  taking  a  much  greater 
pressure  than  those  described  in  the  paper  without  any  special 
protection  of  the  joint.  As  for  the  special  design  of  the  joints, 
it  appeared  to  him  that  they  were  ordinary  spigot  and  socket 
joints,  and  without  any  special  feature  unless  it  was  the  irregular 
inside  surface  of  the  socket.  Then  there  was  the  remark  made 
by  the  author  that  now  it  was  almost  universally  recognised 
that  ground  water  should  be  kept  in  covered  reservoirs.  He 
thought  that  it  depended  upon  whether  they  were  storage  reser- 
voirs or  service  reservoirs.  If  they  were  large  storage  reservoirs, 
he  should  say  that  they  should  be  left  open,  partly  because  it 
would  be  very  expensive  to  cover  them  and  partly  for  the  sake 
of  purification. 

With  regard  to  the  centreing  for  the  concrete  roof,  he 
observed  that  the  minimum  time  for  the  centreings  to  remain 
was  ten  days  ;  and,  apparently  before  that  time  had  elasped, 
while  the  concrete  was  setting,  it  was  actually  loaded  with 
earth.  He  had  seen  the  roof  of  one  reservoir  come  down 
through  being  loaded  too  soon,  and  he  should  say  that  ten  days 
was  a  very  short  time  to  allow.  It  was,  he  thought,  very  risky 
to  load  concrete  with  earth  before  the  concrete  was  set  hard, 
because  the  extra  pressure  coming  on  might  easily  cause  it  to 
crack  and  give  considerable  trouble  later. 

Communication  received  from  Professor  Henry  Eobinson, 
M.  Inst.  C.E.,  Past-President. 

I  consider  Mr.  Matthews's  paper  to  be  a  most  useful  record 
of  waterworks  successfully  constructed  in  America  in  which 
reinforced  concrete  has  been  employed,  and  the  thanks  of  the 
Society  are  due  to  the  author  for  a  paper  which  will  prove  most 
useful  for  reference  by  all  who  have  to  design  and  construct 
similar  works.  I  have  given  considera})le  attention  to  the 
employment  of  reinforced  concrete  and  to  the  conditions  that 
have  to  Ije  complied  with,  both  as  regards  calculations  in  design- 
ing structures,  and  the  practical  points  that  recjuire  to  be  strictly 
observed  in  their  execution.  England  has  been  slow  in  recog- 
nising the  advantages  of  reinforced  concrete,  but  the  system  is 
now  better  appreciated   than  it  was  a  few  years  ago,  and  Mr. 
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Matthews' s  valuable  paper  comes  at  an  opportune  time,  and  will 
help  to  ensure  a  recognition  of  the  benefits  accruing  by  adopting 
the  system,  as  it  enables  works  to  be  successfully  executed 
under  conditions  which  would  involve  great  difficulties,  or  may 
even  be  impracticable  without  it,  as  was  the  case  with  a  reser- 
voir which  I  had  to  design. 

Communication  received  from  Mr.  W.  H.  Maxwell,  Assoc. 
M.  Inst.  C.E.,  Water  Engineer,  Tunbridge  Wells. 

Mr.  Matthews's  paper  raises  a  very  important  question  with 
which  I  am  in  practical  touch  at  the  present  moment,  viz.  the 
necessity  for  storing  ground  water  in  covered  reservoirs,  and  also 
mentions  the  unpleasant  taste  of  the  Dug  Pond  supply  to  Natick, 
which  is  stated  to  be  "  owing  to  the  growth  of  weeds."  Although 
an  abundant  growth  of  weeds  may,  upon  decay,  injuriously  affect 
the  water  and  lend  support  to  much  microscopic  life  therein, 
their  presence  does  not,  I  think,  necessarily  explain  the  objection- 
able character  of  this  water.  These  are  matters  which  have  been 
much  more  thoroughly  studied  in  America  than  in  this  country, 
and  many  expert  biologists  are  continually  at  work  on  that  side 
of  the  Atlantic  investigating  the  causes  of  disagreeable  tastes  and 
odours  in  water  supplies,  and  much  practical  help  is  thus  afforded 
to  the  water  engineer. 

From  examinations  of  the  Dug  Pond  water  by  the  Massa- 
chusetts State  Board  of  Health  in  1901,  it  was  found  that  this 
water  contained  microscopic  organisms  of  kinds  known  to  cause 
disagreeable  tastes  and  odours  in  the  waters  of  many  ponds  and 
reservoirs  and  that  their  presence  was  the  cause  of  the  trouble 
in  this  case.  The  Board  consequently  advised  the  abandonment 
of  this  source  in  favour  of  a  new  supply  from  undcruround 
sources.  The  organisms  were  most  numerous  in  the  niontlis  of 
May  and  November.  A  microscopical  examination  in  November 
1895,  showed  as  many  as  1990  organisms  per  cul)ic  centimetre, 
1660  of  which  consisted  of  the  diatom  Melosira,  wliicli  is  known 
to  be  the  cause  of  a  vegetable  and  oily  odour  in  the  water. 

The  new  source  of  supply,  completed  in  1903,  consisted  of  a 
well,  31  feet  in  diameter,  and  21  feet  deep,  and  tlie  new  covered 
reservoir  described  l^y  Mr.  Matthews,  enables  the  water  to  be 
delivered  to  the  consumers  without  exposure  to  light.  Tliis  is 
a  very  important  i)ractical  point,  and  any  contril)ution,  such  as 
the  present  paper,  supplying  details,  as  it  does,  of  new  and 
economical  metliodsof  covering  su])ply  reservoirs,  will  certainly 
be  heartily  welcomed  by  water  f^ngineers,  who  will  the  more  fully 
appreciate  the  importance  of  covering  in  tlieir  storage,  as  the 
true  causes  of  tastes,  odours,  and  deterioration  of  different  classes 
of  water  become  known  to  them.  For  these  reasons  1  am  of 
opinion  that  the  water  engineer  should  also  be  a  biologist  and 
microscopist  so  far  as  relates  to  the  microscopy  of  drinking  watt-r. 
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In  this  connection  I  have  recently  had  some  troublesome 
experience  in  a  45 -mil lion  gallon  open  storage  reservoir  owing 
to  the  rapid  growth  of  the  diatom  Asterionella.  So  prolific  was 
its  development  that  the  filter  beds  upon  which  this  water  was 
treated,  repeatedly  became  surface  choked  within  about  one 
sixth  of  the  customary  period  of  work,  thereby  entailing  an 
almost  prohibitive  cost  for  frequency  of  scraping  and  cleansing 
the  top  of  the  sand  bed.  To  the  untrained  naked  eye  the  pre- 
sence of  this  diatom  could  not  be  detected,  though  present  in 
vast  numbers,  but  its  detrimental  effect  in  deranging  the  working 
of  the  filters  was  so  marked  as  to  seriously  threaten  the  proper 
maintenance  of  the  daily  supply. 

By  means  of  a  microscopical  examination  of  the  slight  deposit 
from  this  water,  I  was  able  to  identify  the  diatom  causing  the 
trouble,  and,  from  experience  and  investigations  since  made,  I 
find  its  growth  to  be  due  to  the  mixing  with  the  spring  supplies 
a  proportion  of  deep  well  water,  drawn  from  a  depth  of  some 
350  feet,  the  latter  water  containing  the  necessary  food  material 
for  diatom aceous  growths. 

I  have  since  found,  in  the  course  of  my  inquiries,  that  under 
very  similar  conditions,  Asterionella  caused  serious  trouble  at 
Brooklyn,  N.Y.,  and  gave  the  water  a  disagreeable  taste  and 
odour.  There,  as  in  my  own  case,  the  construction  of  a  by-pass 
around  the  reservoir  had  to  be  hastened  forward  in  order  to 
maintain  an  uninterrupted  supply  to  the  town. 

The  most  certain  remedy  for  all  such  troubles  is  the  covering 
in,  wherever  possible,  of  storage  reservoirs,  or,  where  the  main 
storage  is  too  large  for  roofing,  separate  covered  accommodation 
should  be  provided  for  the  storage  of  underground  water.  The 
light  armoured  concrete  structures  dealt  with  in  Mr.  Matthews's 
paper,  provide  at  once  a  convenient  and  economical  form  of 
roof. 

Mr.  E.  K.  Matthews  thanked  the  meeting  for  the  cordial 
way  in  which  they  had  received  his  paper.  He  was  unable  to 
answer  many  of  the  enquiries  which  had  been  made  during  the 
discussion,  as  he  had  not  received  information  from  the  American 
engineers  on  the  points  raised.  The  works  he  had  described 
were  designed  and  carried  out  by  American  engineers,  and  not 
by  himself.  He  totally  disagreed,  although  the  author  of  the 
paper,  with  many  points  in  the  design  and  construction  which 
he  had  been  describing.  For  instance,  why  the  American  engi- 
neers had  gone  in  so  much  for  the  use  of  groined  arches  he 
could  not  say.  He  could  not  see  that  there  was  any  saving  in 
adopting  that  design.  In  fact,  it  appeared  to  him  to  be  much 
more  expensive.  In  his  paper  he  was  merely  showing  the 
American  way  of  constructing  works  of  that  class. 

It  had  been   said  by   Mr.   Middleton   that  they  could  not 
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compare  the  cost  of  works  of  the  class  under  notice  in  America 
with  those  of  the  same  kind  in  England,  and  he  quite  agreed 
with  that  remark.  The  value  of  materials  in  America  would 
be  very  different  from  that  in  England,  and  a  comparison  in 
that  respect  would  not  be  at  all  fitting.  It  was,  however, 
interesting  to  know  the  proportional  cost  of  the  various  parts 
of  works  of  that  nature  as  given  in  the  paper. 

The  particulars  Mr.  Middleton  had  given  of  the  methotis  he 
adopted  in  reservoir  construction  would  be  usetul  to  engineers. 
The  Antwerp  reservoir  was  a  very  cheap  form  of  construction, 
and  it  appeared  to  be  a  very  efficient  one,  and  he  would  point 
out  that  reinforced  concrete  was  largely  used  in  the  construction 
of  that  reservoir.  He,  however,  disagreed  with  Mr.  Middleton 
when  he  said  that  he  thought  that  the  use  of  reinforced  concrete 
where  there  was  damp,  as  in  a  reservoir,  was  a  thing  wliich 
engineers  should  be  rather  dubious  in  adopting,  tliough  it  would 
be  right  to  use  it  on  warehouse  floors,  or  anywhere  where  there 
was  no  dampness.  He  (Mr.  Matthews)  had,  with  the  greatest  ad- 
vantage, used  reinforced  concrete  in  many  situations  wliere  the 
works  were  continually  coming  into  contact  with  damp,  and  he 
strongly  advocated  its  use  in  such  works.  For  piles  and  works 
of  that  class,  reinforced  concrete  was,  in  his  opinion,  admirable  ; 
and  it  would  be  more  generally  adopted  in  this  country,  as  in 
America,  were  it  not  for  the  fact  that  English  engineers  got  into 
a  groove,  and  nothing  would  move  them  out  of  it.  Impounding 
reservoirs  had  been  referred  to  by  Mr.  Middleton  as  having 
been  passed  l)y  in  the  paper,  but  after  to-night's  discussion  lie 
should  think  seriously  of  preparing  a  paper  on  that  subject. 

Some  of  the  questions  asked  by  Mr.  Percy  Griffith  he  was 
unable  to  answer,  for  the  reason  already  given.  With  regard  to 
concrete,  7  or  8  to  1,  he  agreed  with  Mr.  Griffith  that,  in  all 
good  practice  in  this  country  in  connection  with  waterworks 
and  reservoirs,  ihey  ought  not  to  use  concrete  mixed  in  those 
proportions  to  form  the  b(Atoin  or  walls  of  a  reservoir.  They 
might  use  it  probably  for  roofing  in,  but  not  for  any  part  which 
came  in  contact  with  water.  At  the  Natick  reservoir  the  sub- 
soil was  clay,  and  the  reservoir  bottom  rested  on  a  bed  of  clay. 
That,  he  supposed,  accounted  for  the  small  thickness  of  covering 
forming  the  floor  of  the  reservoir,  which  he  agreed  was  very 
much  less  than  would  be  adopted  in  English  practice.  He  (piite 
agreed  tliat  a  load  of  18  or  19  ton  per  square  foot  on  concrete 
piers,  even  if  they  rested  on  clay,  or  even  the  solid  rock,  would 
seem  to  English  engineers  altogether  unreasonable.  Probal)ly 
they  would  adopt  about  a  quarter  of  that  load. 

As  to  the  Franklin  reservoir,  he  agreed  with  Mr.  (Griffith  as 
to  the  peculiar  position  of  the  wash-out  pipe  laid  diagonally  on 
the  floor.     It  was  contrary  to  English  practice. 
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With  regard  to  the  Louisville  reservoir,  the  roof  was  un- 
uecessarily  strong,  as  pointed  out  in  the  paper,  but  the  engineer 
who  supplied  him  with  the  information  about  the  reservoir  had 
not  said  why  that  was  so.  With  regard  to  the  depressions  over 
the  piers,  it  seemed  to  him  that,  if  concrete  in  this  country  cost 
50s.  per  cubic  yard,  English  engineers  would  follow  the  example 
of  the  Americans,  and  cause  a  de})ression  to  be  made  over  every 
pier. 

Some  of  the  speakers  had  asked,  whether  in  America  there 
was  any  controlling  board  like  the  Local  Government  Board  to 
regulate  expenditure.  The  answer  was  that  there  was  no  such 
autliority  in  that  country,  and,  consequently,  engineers  had,  to 
a  large  extent,  a  free  hand.  From  some  points  of  view  that  had 
many  advantages.  He  thought  that  it  would  be  better  in  this 
country,  if  engineers  had  a  great  deal  more  freedom  in  designing- 
engineering  works  for  local  authorities,  they  would  then  have  a 
better  opportunity  of  launching  out  into  more  modern  methods 
of  construction.  As  they  all  knew,  the  Local  Government 
Board  got  into  a  groove  in  the  same  way  that  engineers  somt;- 
tiraes  did,  and  they  could  not  be  got  out  ot'  it ;  as  an  instance  of 
that,  the  disfavour  with  which  the  Local  Government  Board  had, 
until  quite  recently,  looked  upon  the  introduction  to  any  large 
extent  of  reinforced  concrete  in  engineering  structures  might  be 
cited. 

He  agreed  with  Mr.  Griffith  that  the  form  of  the  dam 
referred  to  in  the  paper  would  be  altogether  unsuitable  for  the 
high  dams  in  this  country.  It  was  not  intended  even  in 
America  that  that  form  of  construction  should  be  used  for  high 
dams.  It  was  only  for  low  buttressed  dams,  and  for  that 
purpose  the  American  design  was,  he  thought,  very  advantageous 
and  effected  a  great  saving  of  material. 

With  re'^ard  to  the  fire-service  mains  of  Providence ;  as  had 
been  pointed  out  by  Mr.  Williams,  the  special  strengthening  of 
the  joints  by  means  of  bolts,  occurred  only  where  curves  occurred 
in  the  main.  He  thought  that,  even  for  what  would  be  called 
a  low  pressure  in  this  country,  it  would  be  advantageous  for 
English  engineers  to  adopt  a  similar  course. 

He  agreed  with  the  remark  of  Mr.  Williams  that  English 
engineers  were  very  chary  as  to  adopting  any  new  form  of 
construction.  The  same  speaker  said  that  the  depression  over 
the  piers,  as  in  the  Louisville  reservoir,  was  not  an  original  idea. 
But  he  (Mr.  Matthews)  did  not  think  that  he  had  seen  that  form 
of  construction  adopted  previously.  In  saying  that  it  was  a  new 
form  of  construction,  he  meant  so  far  as  this  country  was  con- 
cerned.   The  same  remark  applied  to  the  reinforced  concrete  dam. 

Some  interesting  information  had  been  given  by  Mr.  Hughes 
respecting  reservoir  construction,  and  his  own  experience  of  that 
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class  of  work.  He  was,  however,  unable  to  answer  Mr.  Hughes's 
enquiries  with  regard  to  the  joining  up  of  the  Thaclier  bars. 

Mr.  Holttum  said  that  it  wouhl  add  to  the  interest  if  they 
had  some  geological  information  as  to  the  bottom  of  the  various 
reservoirs ;  but  he  (the  author)  was  unable  to  afford  any  in- 
formation on  the  point  in  addition  to  what  lie  had  already  given. 

Attention  had  been  drawn  by  Mr.  Shenton  to  the  light 
construction  of  the  Franklin  wall.  He  (Mr.  Matthews)  quite 
agreed  that  the  Local  Government  Board  would  never  have 
passed  a  structure  of  that  kind.  To  English  engineers  it  seemed 
rather  too  light.  He  also  agreed  with  Mr.  Shenton,  with  regard 
to  the  Louisville  reservoir  floor,  that  it  would  appear  to  us  to 
have  been  better  if  reinforced  concrete  had  been  used  instead  of 
ordinary  concrete.  As  to  the  roof  of  the  Uockfurd  reservoir, 
Mr.  Shenton  had  referred  to  its  being  only  two  inches  thick, 
and  had  asked  as  to  the  distance  of  the  ribs.  The  ribs  were 
7  feet  apart,  so  that  the  covering  in  consisted  merely  of  a  slab 
of  reinforced  concrete  2  inches  thick,  supported  by  the  ribs, 
and  seemed  to  answer  the  purpose  very  well.  Mr.  Shenton 
also  said  that  he  had  seen  mains  with  a  greater  pressure  than 
those  described,  without  any  bolts  having  been  used.  He 
(Mr.  Matthews)  agreed  with  Mr.  Shenton,  he  had  also  seen  that. 

With  regard  to  the  storage  of  ground  water,  when  he  said 
that  it  was  now  generally  accepted  that  ground  water  should  be 
stored  in  covered  reservoii's,  he  should  have  said  that  it  was 
generally  accepted  in  America. 

With  respect  to  the  two  communications  which  had  just 
been  read,  he  agreed  with  l*rof.  liobinson  that  this  country  had 
been  very  slow  in  recognising  the  advantages  of  reinforced  con- 
crete. Mr.  Maxwell  deserved  the  thanks  of  the  Society  for  the 
valuable  information  he  had  given  respecting  the  Natick  water 
supply,  and  the  causes  of  the  disagreeable  tastes  and  odours 
found  in  the  water. 

Communication  received  from  Mr.  Thomas  II.  Smith,  Assoc. 
M.  Inst.  C.E.  waterworks  engineer,  Kettering,  subsequently  to 
the  meeting. 

The  covering  of  the  Natick  reservoir  is  very  similar  to  the 
usual  reservoir  covering  in  this  country,  except  that  the  arches 
are  groined  instead  of  being  formed  in  parallel  lengths  of 
segmental  arching.  The  author  does  not  state  the  reason  of  the 
adoption  of  the  groined  arch,  whether  it  is  found  to  result  in  a 
saving  of  material  or  hi])our,  but  at  first  sight  there  does  not 
seem  much  saving  in  material  when  the  upper  surface  is  brought 
to  one  level  as  in  this  case,  though,  as  he  states^  further  ()n,  a 
saving  of  as  much  as  30  per  cent,  in  the  material  of  the  roof  may 
be  effected  by  curving  the  upper  surface  s<>  as  to  form  depres- 
sions over  the  piers.     The  manipulation  of  the  timbering  hardly 
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seems  so  simple  as  with  the  centreings  and  laggings  of  the 
ordinary  constraction,  and  if  the  roof  work  were  constructed  in 
brick  arches,  which  was  the  alternative  proposal  for  this  roof, 
the  groining  would  require  a  good  deal  of  labour. 

As  regards  the  manipulation  of  the  concrete,  the  author 
states  it  was  so  wet  as  to  need  little  ramming.  The  use  of 
moderately  wet  concrete  witli  some  ramming  is  a  very  usual 
practice  to  secure  good  solid  work,  and  extra  wet  concrete, 
consolidating  only  by  its  own  settlement,  could  hardly  produce 
so  good  a  result.  General  experience  shows  that  the  ballast  of 
concrete  will  not  of  itself  settle  as  closely  and  compactly  as 
when  moderately  rammed  in  thin  layers. 

The  construction  of  the  wall  of  the  Franklin  circular  reser- 
voir with  40  per  cent,  of  boulders  in  the  concrete  is  somewhat 
unusual  for  walls  averaging  only  3  feet  in  thickness,  and  when 
the  6  inches  on  each  side  is  deducted,  the  whole  of  the  boulder 
work  is  confined  to  the  central  thickness  of  2  feet.  No  doubt  a 
considerable  saving  of  cement  would  be  made  in  this  way,  but, 
as  a  matter  of  construction,  it  could  hardly  be  so  strong  as  if 
made  of  a  homogeneous  concrete  throughout.  The  use  of  the 
steel  band,  of  course,  relieves  the  wall  of  all  thrust  from  the 
roof,  and  this  reinforcement  seems  economical  at  a  cost  of  only 
about  08/. 

In  the  other  two  examples  of  reservoir  construction  rein- 
forced concrete  is  introduced.  In  the  case  of  the  Louisville 
reservoir  the  reinforcement  appears  to  have  been  introduced 
purely  to  give  additional  strength  over  and  above  that  required 
for  the  covering,  as  the  thickness  of  the  concrete  roof  would  seem 
sufticient  I'or  this  purpose  without  the  reinforcement,  but  in  the 
Ifockford  reservoir  we  have  purely  reinforced  work,  full  advan- 
tage being  taken  of  the  reinforcement  to  produce  a  light  roof 
covering.  The  use  of  thin  walls  and  roofs  of  reinforced  concrete 
for  tank  work  where  lightness  of  construction  is  not  material 
will,  of  course,  be  only  a  matter  of  cost,  and  so  there  may  be  no 
advantage  in  putting  a  thin  roof  covering  to  a  reservoir  which 
is  afterwards  to  be  covered  with  2  feet  or  more  of  soil.  But 
where  this  is  not  to  be  done,  as  apparently  in  the  present 
example,  and  in  all  cases  of  water  towers  where  the  weight  of 
the  structure  is  a  very  important  point,  reinforced  concrete  is 
specially  suitable. 

Communication  received  from  Mr.  C.  H.  Priestley,  M.  Inst. 
C.E.,  waterworks  engineer,  Cardiff,  subsequently  to  the  meeting. 

I  have  carefully  read  Mr.  Matthews's  paper,  and  there  are  a 
few  points  which  struck  me  in  connection  therewith  upon  which 
to  remark,  not  however  by  way  of  criticism,  but  merely  to  point 
out  differences  which  appear  to  me  most  divergent  from  work 
which  I  have  seen. 
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In  the  description  of  the  Xatick  reservoir,  there  is  mention 
of  a  core  wall  built  near  the  centre  of  the  embankment.  I  have 
tried  to  find  out  the  reason  for  tliis  wall,  it  being  the  first  I  have 
ever  seen  in  such  a  position,  but  I  am  unable  to  ascertain  for 
what  reason  it  is  built,  and  wliat  good  it  is  doing  in  tlie  centre 
of  the  embankment  in  tlie  position  shown,  unless  it  be  to 
strengtlien  the  embankment,  and  tliat  does  not  appear  to  me  to 
be  necessary. 

It  is  stated  that  "  the  now  almost  universally  recognised 
necessity  of  storing  ground  water  in  covered  reservoirs,  made 
the  addition  of  a  covering  to  the  existing  open  reservoir  almost 
imperative."  If  this  is  so  in  America,  where  tlie  conditions  are 
diflerent  generally  from  what  they  are  in  England,  the  rule  may 
apply,  especially  where  great  variations  of  temperature  occur 
with  intense  frost.  Personally,  as  far  as  my  experience  goes,  I 
have  found  that  open  service  reservoirs  are  preferable  to  covered 
service  reservoirs,  speaking  generally,  for  storing  water  derived 
from  drainage  areas.  This  does  not  apply,  of  course,  wliere  it 
is  likely  that  the  water  will  be  contaminated  from  smoke,  coal 
dust  or  any  such  matters,  near  to  or  within  the  town,  but  where 
a  service  reservoir  is  situated  outside  the  town  and  free  from 
contamination  through  impure  air,  etc.,  1  consider  an  open 
reservoir  is  to  be  preferred  to  a  covered  one.  I  built  a  service 
reservoir  holding  some  three  million  gallons  within  about  two 
miles  of  the  city,  some  eight  years  ago,  and  there  has  never 
betjn  the  slightest  difficulty  with  the  water  from  dirt  or  smell, 
and  no  vegetation  whatever  has  formed  either  within  the  reser- 
voir or  on  the  sides. 

Iieferring  to  the  reservoir  bottom,  I  find  that  only  4-incli 
concrete  finished  with  rendering  is  stated  to  have  been  used. 
This  thickness  appears  to  me  very  slight  indeed,  and  I  do  not 
know  of  any  reservoirs  in  this  country  where  a  bottom  is  made 
so  thin  as  here  mentioned. 

In  the  description  of  the  Franklin  reservoir,  it  is  stated  that 
the  wall  is  built  of  boulder  concrete  I  am  very  mucli  inter- 
ested in  this  method  of  construction,  but  should  have  suppo.sed 
that  for  ordinary  reservoir  walls  sucli  a  methotl  would  have 
considerably  weakened  the  wall  itself,  a  reservoir  wall  being 
very  diilerent  indeed  from  that  of  a  large  dam.  Further  on  it  is 
stated  that  the  wall  was  pointed  with  cement  mortar,  and  received 
several  brush  coats  of  neat  ceuKMit  and  water.  I  fail  to  see  the 
object  of  several  brush  coats,  and  shall  be  glad  of  infnrmation 
thereon. 

The  author  states  that  the  introducti«)n  of  reinforced  concrete 
is  a  marked  feature  in  recent  reservoir  and  filter  construct  inn. 
I  entindy  agree  with  him  and  believe  that  ihere  is  a  great  future 
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for  reinforced  concrete  in  constructional  works  of  all  descrip- 
tions. I  would  point  out  that  the  thicknesses  of  walls,  roofs, 
etc.,  appear  to  me  to  be  hardly  sufficient  to  insure  perfect 
safety,  and  generally  speaking,  they  ai'e  slighter  than  would  be 
considered  necessary  in  similar  works  in  England. 

In  reply  to  the  communication  of  Mr.  Thomas  R.  Smith  on 
the  paper,  the  author  does  not  understand  what  induced  the 
American  engineers  to  adopt  so  largely  the  groined  arch, 
certainly  it  was  not  economy  in  the  cost  of  construction.  As 
to  the  use  of  extra  wet  concrete  by  American  engineers,  he 
points  out  that  in  all  reservoir  work  in  America  the  concrete  is 
put  in  extra  wet,  but  he  agrees  with  Mr.  Smith  that  the  English 
practice  of  making  the  concrete  only  moderately  wet,  and  well 
ramming  it  is  preferable.  He  does  not  think  that  the  method 
adopted  in  the  construction  of  the  Franklin  reservoir  wall, 
viz.  of  introducing  40  per  cent,  of  boulders  in  the  concrete 
wall  was  one  that  English  engineers  would  look  with  favour 
upon,  although  a  slight  saving  in  cost  may  have  been  effected. 
He  considers  that  reinforced  concrete  has  been  very  advantage- 
ously used  in  the  construction  of  the  Eockford  reservoir. 

In  reply  to  the  communication  of  Mr.  C.  H.  Priestley, 
Mr.  Matthews  states  that  he  is  unable  to  give  any  further 
particulnrs  with  regard  to  the  core  wall  which  was  built  in 
connection  with  the  re-construction  of  the  Natick  reservoir.  It 
was  entirely  contrary,  as  Mr.  Priestley  states,  to  our  English 
practice  to  place  a  core  wall  in  the  same  position  as  that  shown 
on  Plate  I.  He  observes  that  it  is  now  the  generally  recognised 
practice  in  America  to  store  ground  water  in  covered  reservoirs, 
no  doubt  one  of  the  reasons  why  this  is  done,  is  that  given  by 
Mr.  Priestley,  viz.  that  great  variations  of  temperature  with 
extreme  frosts  occur  in  that  country.  Mr.  Matthews  agrees 
with  Mr.  Priestley  that  open  service  reservoirs,  speaking  gener- 
ally, are  preferable  to  covered  ones,  that  is,  of  course,  if  they  can 
be  constructed  in  positions  where  they  would  be  entirely  free 
from  contamination,  from  smoke,  coal  dust,  or  anything  else 
that  is  objectionable.  Unfortunately  these  favourable  condi- 
tions are  not  always  met  with,  and  where  a  service  reservoir 
has  to  be  covered  in,  it  is  his  opinion  that  reinforced  concrete 
is  the  best  material  to  be  used.  He  is  unable  to  say  what 
benefit  is  derived  by  giving  the  walls  of  one  of  the  reservoirs 
described  in  the  paper  several  brush  coats  of  mortar,  which  is 
contrary  to  English  practice.  He  agrees  with  Mr.  Priestley 
that  the  walls  of  some  of  the  reservoirs  described  in  the  paper 
are  of  very  much  lighter  construction  than  would  be  adopted  in 
this  country. 


WATERWORKS   CONSTRUCTIONS    IN   AMERICA-BY    ERNEST    R.  MATTHEWS.  Plate  I. 


eUTSlOC  SLOFC 


*  "Sl  I-+~ 


Section  on    Line  A. 


Fig.     I 


WATERWORKS   CONSTRUCTIONS    IN    AMERICA    by   ERNEST    R.  MATTHEWS 


-*-sc5^ 


l-f  -,  ;^, 


\\  '  /; 


WATERWORKS    CONSTRUCTIONS    IN    AMERICA    av    ERNEST    R.  MATTHEWS.  Plate 


l«i 


m 


1 


P 

mi 
p 

ii 


m 


'■"":   f^ 


-'K, 


^^^i::rxia:=:5: 


rx^ 


v%    ex 


ili===44l#^ 


115 


June  Srd,   1907. 

JOSEPH  WILLIAM  WILSON,  Vice-President, 
IN  THE  Chair. 

WORKING    EXPERIENCES   WITH    LARGE    GAS 

ENGINES.* 

By  Cecil  A.  St.  George  Moorr,  P>.A.Caiiib. 

Introduction. 

The  production  of  power  by  the  use  of  large  gas  engines  has 
developed  at  a  remarkable  rate  during  the  last  few  years,  and 
much  has  been  written  on  the  subject.  Most  of  the  literature 
is,  however,  written  from  the  manufacturers'  point  of  view,  and 
generally  by  the  manufacturers  themselves,  and  it  deals  almost 
exclusively  with  points  of  design.  We  have  very  little  in- 
formation about  the  actual  behaviour  of  these  engines  in  every- 
day working,  the  only  paper  treating  this  side  of  the  subject 
which  the  author  has  seen  being  one  which  appeared  in  "  Stahl 
und  Eisen  "  about  eighteen  months  ago,  and  whicli  has  never 
been  published  in  English. 

The  present  paper  has  been  written  to  show  some  of  the 
defects  which  have  presented  themselves  in  actual  work,  and  by 
what  means  and  to  what  extent  they  have  been  overcome.  It 
is,  however,  only  fair  to  manufacturers  to  state  at  the  outset 
that  the  author's  experience  has  been  with  engines  built  eighteen 
months  ago  and  longer,  and  that  many  of  the  troubles  herein 
mentioned  would  not  occur  in  engines  built  at  the  present  time, 
owing  to  improvements  in  design. 

The  conservatism  which  seems  natural  to  British  engineers 
has  done  much  to  keep  back  the  development  of  large  gas 
engines  in  this  country.  Consulting  engineers,  who  have,  in 
most  cases,  had  no  experience  of  these  engines,  are  naturally 
reluctant  to  specify  machinery  of  the  reliability  of  which  they 
have  no  personal,  and  probably  very  little  second-hand,  know- 
ledge. Consequently,  in  many  cases  steam  plant  is  put  down 
where  gas  engines  would  have  served  the  purpose  equally  well, 

*  A  Society's  Premium  was  awarded  to  the  author  for  this  paper. 
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and  would  have  produced  the  power  for  half  the  cost.  Con- 
servatism also  shows  itself  in  the  designs  of  large  engines  which 
have  originated  in  this  country,  as  nearly  all  English  makers  are 
workingin  the  direction  of  developing  for  large  sizes  the  same 
type  of  engine  which  has  been  found  to  work  satisfactorily  in 
small  units.  On  the  Continent,  however,  where  the  manufacture 
of  small  gas  engines  has  not  been  such  a  large  industry  as  with 
us,  new  fines  have  been  followed  in  designing  larger  sizes,  in 
most  cases  following  the  general  form  of  the  horizontal  steam 
engine,  alterations  from  this  form  having  been  made  where 
found  necessary. 

Types  of  Engines. 

No  one  type  of  engine  has  yet  proved  itself  superior  to 
all  others.  The  engines  built  on  the  Continent  can  be  classed 
under  three  main  heads,  viz.  :  (1)  The  double-acting  four-cycle 
type,  generally  made  in  large  sizes  with  tandem  cylinders  ; 
(2)  the" Oechelhailser 'type;  and  (3)  the  Korting  type.  All  three 
types  are  now  made  in  this  country  under  licence  ;  engines  of  the 
first  type,  designed  in  England,  are  also  made  by  one  or  two  firms. 
Several  other  English  firms  have,  however,  struck  out  lines  of 
their  own,  generally  retaining  the  familiar  open  cylinder  and 
trunk  piston,  the  cylinders  usually  being  kept  as  small  as 
possible,  and  the  power  being  increased  by  adding  to  their 
number. 

The  vertical  type  is  almost  peculiar  to  this  country  and  it 
has  been  adopted  for  engines  as  large  as  700  B.H.P.  or  more  by 
several  firms,  notably  the  Campbell  Gas  Engine  Co.,  the 
British  Westinghouse  Co.,  and  Messrs.  A.  Eodger  and  Co. 
Two  complications  which  many  firms  seem  very  anxious  to 
avoid  are  water-cooled  moving  parts  and  piston  rod  packing. 
The  750  B.H.P.  engine  built  by  the  British  Westinghouse  Co. 
has  no  fewer  than  six  open  cylinders  with  trunk  pistons,  in 
three  tandem  sets,  no  water  cooling  being  used  for  either  pistons 
or  exhaust  valves.  The  Campbell  engine  of  about  the  same  size 
lias  four  vertical  open  cylinders  side  by  side,  while  the  National 
Co.  have  four  horizontal  cylinders  side  l)y  side.  The  Premier 
Co.  have  developed  a  type  of  engine  with  ibur  horizontal  single- 
acting  cylinders  in  two  tandem  sets,  water-cooling  being  used 
for  tlie  pistons  and  exhaust  valves.  The  engine  is  made  in 
sizes  up  to  about  1200  B.H.P.  Messrs.  Crossley  Jh'os.  and 
Kynoch,  Ltd.,  are  building  dou})le-acting  tandem  engines  of  the 
continuntal  typo  •>l'lM«'n;iwTt-dt:i^gn. 
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Scavenging. 

The  value  of  positive  scavenging  in  engines  of  the  four-cycle 
type  is  still  regarded  as  an  open  question.  In  most  of  tlie 
large  continental  engines  no  scavenging  is  attempted,  it  being 
presumably  thought  tliat  the  results  obtained  are  not  wortli  the 
extra  com[)licati()n.  In  this  country  all  the  Premier  engines  are 
fitted  with  a  positive  scavenging  device,  and  it  is  claimed  that, 
owing  to  the  clearing  out  of  all  the  burnt  gases  in  the  cylinder, 
there  is  no  tendency  to  fire  during  the  suction  stroke,  and  that 
the  charge  of  fresh  air  keeps  the  engine  cooler,  and  hence  there 
is  less  tendency  to  pre-ignition.  Experiments  made  some  years 
ago  by  Mr.  F.  Grover  seemed  to  show  that  a  mixture  of  air,  coal 
gas,  and  exhaust  gas  gave  Ijetter  results  than  if  the  exhaust  gas 
were  replaced  by  more  air.  It  also  must  be  remembered  that 
explosions  during  the  suction  stroke  are,  as  a  matter  of  fact, 
quite  harmless,  and  in  a  non-scavenging  engine  they  occur  very 
seldom  if  everything  is  working  properly.  Theoretically  it 
seems,  however,  that  if  the  clearance  space  is  full  of  pure  air  at 
the  commencement  of  the  suction  stroke,  a  stronger  mixture 
might  be  drawn  in,  and  consequently  an  increase  of  power 
might  be  obtained  with  an  engine  of  the  scavenging  type,  as  the 
air  already  in  the  cylinder  would  serve  for  the  combustion  of  the 
extra  gas  drawn  in. 

Governing. 

The  governing  of  gas  engines  of  the  four-cycle  type  has 
received  very  careful  attention  from  continental  engineers. 
The  hit-and-miss  method,  which  has  been  the  universal  practice 
for  small  engines,  is  satisfactory  in  sizes  up  to  200  H.P.  for 
driving  direct  current  dynamos.  If  the  engine  has  several 
cylinders,  and  a  separate  governor  for  each,  there  is  no  reason 
why  this  method  should  not  be  used  for  still  larger  sizes,  pro- 
vided that  each  cylinder  does  not  develop  more  than  about 
100  H.P. 

For  driving  alternators  and  other  w^ork  where  a  steady 
turning  moment  is  necessary,  some  other  method  must  be 
employed.  The  plan  most  usually  adopted  is  to  provide  a 
varying  cut-off  for  the  gas  on  the  suction  stroke,  the  gas  and  air 
valves  opening  together  at  the  commencement  of  the  stroke,  the 
gas  valve  closing  at  a  variable  point  determined  by  the  governor, 
and  the  air  valve  remaining  open  until  the  end  of  the  stroke. 
The  provision  of  a  separate  air  valve  is  not  essential,  but  this  is 
used  in  the  Cockerill  engine.  This  method  gives  a  weaker 
mixture    as   the   load    is    reduced,   the    compression    pressure 
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remaining  constant.  At  very  light  loads  misfiring  is  likely  to 
result,  owing  to  the  extremely  weak  mixture,  hence  there  is 
usually  a  supplementary  arrangement  for  cutting  out  explosions 
entirely  when  the  speed  exceeds  a  certain  value. 

Another  method  of  governing  is  to  cut  off  the  gas  and  air 
together  at  a  varying  point  on  the  suction  stroke,  thus  giving  a 
mixture  of  constant  proportions  but  variable  quantity.  At  light 
loads  when  the  cut-off  is  early  the  pressure  in  the  cylinder  at 
the  end  of  the  suction  stroke  falls  very  much  below  atmos- 
pheric, and  in  order  to  prevent  the  valves  being  opened  by  the 
atmospheric  pressure  outside,  a  positive  mechanism  must  be 
provided  for  keeping  them  closed.  In  the  Cockerill  engine  this 
takes  the  form  of  a  double  roller  for  each  cam,  the  rollers  being 
placed  on  opposite  sides  of  the  cam  so  as  to  act  positively  on  the 
valves  in  both  directions.  The  Cockerill  engine  is  supplied  with 
either  method  of  governing,  at  the  option  of  the  purchaser. 

The  by-pass  governor  valve  as  commonly  used  on  the 
KtJrting  engine  is  not  satisfactory  with  producer  gas,  as  the 
deposited  tar  frequently  causes  it  to  stick.  Governing  by  a 
variable  cut-off'  on  the  suction  stroke  has  been  tried  with  this 
type  of  engine,  but  has  not  been  found  satisfactory  owing  to  the 
heavy  suction  produced  in  the  gas  pump.  A  simple  and  fairly 
efficient  form  of  governor  for  this  engine  is  an  ordinary  butterfly 
valve  in  the  gas  pipe,  as  employed  in  the  older  types  of  steam 
engines.  If  set  very  carefully  this  will  prevent  serious  racing 
wlien  the  load  is  thrown  off,  but  will  not  give  a  very  small 
speed  variation  in  ordinary  working.  For  direct  current  work, 
however,  this  is  not  essential. 

Two  V.  Four-Cycle  Engines. 

It  is  not  necessary  to  describe  here  the  action  of  the  Korting 
and  Oechelliaiiser  engines,  as  full  descriptions  have  appeared  in 
many  engineering  journals ;  all  the  latest  details  of  continental 
gas  engine  practice  will  be  found  in  the  long  series  of  articles 
tliat  have  lately  appeared  in  "  Power." 

The  principal  advantages  claimed  by  the  makers  of  the 
Korting  engine  for  that  type  are  regular  turning  moment  with 
one  cylinder ;  reduced  floor  space,  and  the  absence  of  water- 
CiXjled  exhaust  valves.  It  is  evident  that  a  single  cylinder 
engin<i  of  this  type  will  give  approximately  the  same  power  as  a 
double-cylinder  engine  of  the  same  bore  and  stroke  working  on 
the  four-stroke  cycle.  But  opposed  to  this  there  are  several 
points  to  be  considered.  Owing  to  the  great  length  of  the 
piston  in  the  Korting  engine,  and  also  to  the  fact  that  it  is  a 
slow-speed  engine  with  a  very  long  stroke,  the  total  lengtli  of 
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the  engine  is  not  far  short  of  tliat  of  a  four-cycle  engine  of  the 
same  power,  whereas,  owing  to  the  space  taken  up  by  the 
charging  pumps,  the  breadth  of  the  Korting  engine  is  very  much 
the  greater.  Tlie  Korting  and  Oechelhaiiser  engines  possess  one 
great  and  indisputable  advantage  over  the  Otto  cycle  type, 
namely,  the  absence  of  water-cooled  exhaust  valves. 

The  thermal  and  mechanical  efficiencies  of  the  Korting  type 
of  engine  are  both  comparatively  low,  for  the  following  reasons : 
The  charge  has  to  be  pumped  into  the  working  cylinder  in  a 
very  short  time,  and  a  good  part  of  it  enters  while  the  exhaust 
ports  are  uncovered.  Although  air  is  pumped  in  first,  a  certain 
amount  of  gas  always  finds  its  way  through  into  the  exhaust 
pipe  when  the  engine  is  working  at  full  load,  and  hence  tlie 
delivery  of  gas  begins  early  ;  the  quantity  lost  amounts  to  from 
15  to  20  per  cent,  of  the  whole  charge.  This  the  author  iias 
seen  verified  by  systematic  analyses  of  the  exhaust  gas,  taken 
from  two  different  encrines  under  various  conditions.  In  some 
tests  of  an  engine  of  this  type  belonging  to  the  Societe  Anonyme 
de  Grivegnee,  made  a  year  ago,  there  was  an  unexplained  loss 
of  30  per  cent,  in  the  lieat  balance,  and  those  in  charge  of  the 
tests  concluded  that  this  was  due  either  to  incomplete  com- 
bustion or  to  direct  expulsion  of  gas  into  the  exhaust.  No 
analyses  of  the  exhaust  gases  were  made  in  connection  witli 
these  tests. 

With  regard  to  mechanical  efficiency,  since  the  power 
required  to  work  the  charging  pumps  varies  from  12  to  15 
per  cent,  of  that  indicated  in  the  working  cylinder,  the  said 
efficiency  must  be  much  less  than  that  of  the  four-cycle  tyi)e. 
The  combined  efficiency  of  a  Korting  engine  and  dynamo  is 
not  usually  more  than  fiom  70  per  cent,  to  75  per  cent. 

The  Oechelhaiiser  type  of  two-cycle  engine  has  several  very 
excellent  features  whicli  are  possessed  by  no  other  engine. 
Among  them  may  be  enumerated  the  following  :  (1)  The 
opposite  cranks  make  it  possible  to  l)alance  the  engine  very 
perfectly;  (2)  There  are  no  valves  of  any  kind  in  tlie  working 
cylinders  ;  (3)  The  working  cylinder  is  open  at  both  ends, 
making  satisfactory  lubrication  an  easy  matter,  and  simplifying 
the  operation  of  inspecting  the  cylinder  and  pistons  ;  (4)  Tliere 
are  no  complicated  cylinder  coveis  which  are  liable  to  give 
trouble  by  cracking;  (5)  The  two  pistons  moving  in  oi)positc 
directions  give  a  very  ra[)id  expansion  and  comi»ressioii. 

Piston  ok  tiik  K('>rting  Kn(;ine. 

'IMicre  lias  been  much  to  \vA\vn  with  regard  to  the  design  of 
the  piston  for  engines  of  the  Korting  type.     Owing  to  its  great 
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length  and  weight  it  is  difficult  to  make  it  a  satisfactory  and 
reliable  job.  If  the  engine  is  not  fitted  with  a  tail  rod  the 
piston  is  generally  a  plain  cylindrical  casting.  If  the  rod  is 
fixed  to  the  piston  by  means  of  a  flanged  end  the  joint  must  be 
made  with  a  copper  ring,  as  no  soft  jointing  material  will  keep 
tight  for  more  than  a  day  or  two  under  the  stresses  caused  by 
the  explosion,  since  the  joint  is  alternately  in  tension  and  com- 
pression, as  the  explosion  occurs  at  either  end  of  the  cylinder. 
A  section  of  this  form  of  joint  is  shown  in  Fig.  1.  If  this  form 
of  joint  is  used,  the  internal  flange  of  the  piston  will  certainly 
sooner  or  later  crack  radially  through  two  or  three  of  the  stud 
holes,  as  shown  in  Fig.  2.  The  original  cause  of  these  cracks  is 
apparently  the  stress  due  to  cooling,  combined  with  the  rather 
severe  conditions  of  work.  These  cracks  must  get  very  bad 
before  there  is  any  danger  of  the  piston  breaking,  and  so  long  as 
they  do  not  extend  beyond  the  studs  the  engine  may  quite 
safely  work.  If  ribs  are  cast  inside  the  piston  at  the  corners, 
these  will  all  crack  through  in  a  very  short  time,  the  cause 
being  apparently  cooling  strains  in  this  case  also. 

Another  method  of  fixing  the  rod  is  by  means  of  a  large 
nut  outside  the  piston,  a  collar  on  the  end  of  the  rod  bearing 
against  the  latter  inside,  the  rod  being  inserted  through  a 
detachable  cover  at  the  back  end  of  the  piston.  This  is  shown 
in  Fig.  3.  The  objection  to  this  method  is  that  after  running  a 
short  time  the  nut  usually  gets  stuck  so  fast  that  it  is  quite 
impossible  to  get  it  off,  so  that  when  it  is  required  to  turn  up 
the  rod  it  is  necessary  to  mount  it  and  the  piston  together  in 
the  lathe.  The  author  has  seen  two  pistons  break  off  round  this 
nut,  as  shown  in  Fig.  3.  In  one  case  this  happened  while  the 
engine  was  running,  the  result  being  that  both  the  cylinder  and 
the  front  cover  were  smashed.  In  the  second  case,  by  pure 
accident,  the  engine  happened  to  be  stopped  just  in  time,  and 
when  the  cylinder  was  opened  the  piston  was  found  quite  loose. 
Messrs.  Mather  and  Piatt  have  lately  designed  a  piston  which 
should  be  without  most  of  the  failings  enumerated.  It  is  made 
in  three  pieces  :  the  two  ends  are  steel  forgings  and  are  bolted 
to  a  plain  cast-iron  cylindrical  barrel,  the  latter  being  made  of 
larger  diameter  than  the  ends  to  avoid  any  rubbing  contact 
between  the  steel  and  the  cast-iron  cylinder. 

With  the  heavy  pistons  used  on  the  Korting  engine,  it  is  a 
very  good  thing  to  have  the  bottom  shod  with  white  metal, 
which  takes  up  the  wear,  and  which  can  be  renewed  from  time 
to  time ;  otherwise  if  the  whole  weight  of  the  piston  rests  on 
the  bottom  of  the  cylinder,  the  wear  of  the  latter  will  be  very 
great.  The  white  metal  should  stand  out  about  one  millimetre  from 
the  body  of  the  piston.     Any  attempt  to  make  the  piston  barrel 


I 


I 


WORKrXG    EXPERIEXCKS    WITH    LARGE   GAS    ENGINES.        121- 

Other  tliau  cylindrical,  to  tacilitate  renewal  of  the  wliite  metal, 
or  for  any  other  reason,  will  always  liave  one  result— -the  piston 
will  crack.  If  the  engine  is  fitted  with  a  tail  rod,  tlie  rod 
sliould  eitlier  be  continuous  right  through  the  piston,  or  the  two 
rods  should  be  bolted  rigidly  together.  In  no  case  should  the 
cast-iron  piston  block  be  used  as  a  C(jnnecting  link  between  the 
two  rods. 

Cracking  of  Cvlindkiis. 

The  complicated  form  of  the  cylinder  head  of  tlie  Korting 
engine  renders  it  very  liable  to  give  trouble  by  cracking.  The 
usual  pattern  cast  in  one  piece  does  not  as  a  rule  last  more  than 
a  year,  if  working  fairly  continuously,  although,  of  course,  there 
are  exceptional  cases  when  one  may  last  much  longer.  The  outside 
walls,  fortunately,  generally  crack  first,  owing  to  the  expansion 
of  the  inner  wall  by  heat.  They  usually  give  way  first  along 
the  root  of  the  fian^je,  and  also  at  the  corners  of  the  rectans^ular 
holes  giving  access  to  the  jacket  space.  These  cracks  begin 
and  spread  very  gradually,  and  there  is  ])ractically  no  danger  of 
a  sudden  failure,  so  that  the  engine  can  be  run  for  a  long  time 
after  these  cracks  have  shown  themselves,  provided,  of  course, 
that  the  internal  walls  of  the  head  are  quite  sound.  The  author 
has  seen  an  engine  running  with  a  crack  2  feet  long  in  the 
outer  wall  at  the  root  of  the  flange.  If  a  crack  occurs  in  the 
internal  walls  of  the  cylinder  or  head,  the  engine  must,  of 
course,  be  stopped  immediately.  Such  a  crack  can  always  be 
detected  while  the  engine  is  running  by  watching  the  jacket 
water  discharge.  The  gas  blown  into  the  jacket  through  the 
crack  will  cause  periodic  stoppages  of  the  flow  of  water  in  order 
to  get  out,  provided  that  there  is  no  opening  at  the  top  of  the 
jacket.  If  the  cylinder  is  cast  on  a  chill  a  great  number  of 
minute  circumferential  cracks  from  6  to  8  inches  h)ng  generally 
appear  inside  after  a  short  time,  but  these  have  been  found  to 
be  quite  harmless,  as  they  do  not  extend  to  any  appreciable 
depth  in  the  metal,  and  after  a  time  they  do  not  seem  to 
spread. 

Wear  of  Cylinders. 

The  following  figures  regarding  the  wear  in  the  cylinder  of 
a  Korting  engine  after  eight  mcmths'  work  are  interesting. 
Uiameters  of  cylinder,  in  inches:  — 

July  ."ilh,  1905.  March  16tb,  l9i'C. 

Front  end  verticul 2y''.t25  2l>-l»9() 

„     hoiizontftl 2i>lMl  2i)-9r.(; 

Cen t re  of  I .orts  vertica  1        . .  . .  2! » •  Uyf)  :{0  •  ( >2:» 

horizontal     ..  ..  21>-«J75  SOOM 

Ijackiud  vertical 2i»'Jll  2U'J75 

„      „      honzontul  ..  ..  2Uvsyu  2'.»-%3 
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These  figures  show  that  the  greatest  wear  takes  place  in  the 
middle  of  the  cylinder  at  the  exhaust  ports.  The  reasons  for 
this  are  evidently  (I)  part  of  the  cylinder  is  crossed  by  both 
sets  of  rings,  and  (2)  the  reduced  wearing  surface  at  the 
exhaust  ports.  The  engine  in  question  had  its  piston  shod  with 
white  metal,  but  no  attempt  was  made  to  keep  the  weight  of  the 
piston  off  the  cylinder  by  cambering  the  rods. 

Cambering  of  Piston  Rods. 

It  is  now  the  fairly  universal  practice  to  fit  large  double- 
acting  engines  with  tail  rods,  but  it  is  still  an  open  question 
whether  it  is  expedient  to  camber  the  rods,  so  that  the  wliole 
weight  of  the  piston  is  taken  by  the  guides.  The  crudest 
method  of  doing  this  is  to  measure  the  sag  due  to  the  weight  of 
the  piston,  and  mount  the  rods  at  such  an  angle  that  the  piston 
would  be  correctly  in  line  when  supported  only  at  the  ends  of 
the  rods.  It  is  evident  that  the  rods  will  not  now  be  straight, 
but  will  be  bent  in  a  curve  the  lowest  point  of  which  is  midway 
between  the  piston  and  the  point  of  support.  This  is  unsatis- 
factory, as  no  packing  will  last  long  under  this  up-and-down 
motion  of  the  rods.  If  the  rods  are  to  be  straight  when 
supporting  the  piston,  they  must  be  made  primarily  in  the  form 
of  a  curve.  Of  course,  to  do  this  exactly  is  impossible,  but  an 
attempt  is  made  to  approximate  to  it  in  continental  practice  by 
turning  up  the  rod  in  short  lengths  at  a  time,  each  length  being 
turned  on  different  centres,  thus  producing  part  of  a  very  flat 
polygon.  The  only  absolutely  correct  method  is  to  turn  up  the 
rod  by  means  of  a  revolving  tool,  the  rod  remaining  stationary, 
and  supporting  the  piston  meanwhile.  This  would  be  a  difficult 
and  expensive  method  in  practice,  and  it  would  not  be  easy 
to  turn  up  the  rod  again  in  an  ordinary  repair  shop.  If  no 
cambering  of  tlie  rods  is  attempted,  it  is  doubtful  whether  a  tail 
rod  is  of  any  great  advantage,  at  any  rate  for  engines  of  less 
tlian  500  H.P.,  and  it  is  the  author's  experience  that  an  engine 
of  the  Korting  type  will  run  quite  well  without  one,  provided 
that  the  piston  is  ])roperly  shod  with  white  metal.  The  addition 
of  a  second  stuffing-box  counteracts  to  a  great  extent  the  ad- 
vantages of  a  tail  rod. 

Packing. 

The  production  of  a  good  metallic  packing  forms  one  of  the 
most  difficult  problems  in  gas  engine  work  The  essentials  of  a 
satisfactory  ])acking  are:  (1)  It  must  not  wear  the  rod  unduly; 
(2)  The  rings  must  not  break  or  become  corroded  by  the  action 
of   the   gas  ;   (3)  It    must   be  readily   accessible  for  cleaning ; 
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(4)  It  niiist  accommodate  itself  to  any  motion  of  the  rod  at  right 
angles  to  its  axis,  and  also  to  small  differences  in  diameter 
between  one  part  of  the  rod  and  another. 

Considering  the  question  of  the  material  of  which  tlie 
packing  rings  are  to  be  made,  we  have  the  choice  of  three 
metals,  namely,  cast-iron,  some  form  of  brass  or  gunmetal,  and 
white  metal.  Cast-iron  stands  heat  well,  but  is  inclined  to 
cause  undue  wear  of  the  rod.  Any  metal  containing  copper  is 
very  rapidly  corroded  away,  if  the  products  of  combustion 
(which  generally  contain  a  small  amount  of  SO2)  can  get  at  it. 
White  meral  will  not  stand  any  heat,  wears  away  rapidly,  and 
is  easily  broken.  Cast-iron  has  been  found  by  experience  to  be 
on  the  whole  the  most  satisfactory  material,  though  it  is  very 
iuiportant  that  it  should  be  very  soft,  and  that  the  rings  should 
be  given  very  little  spring  on  tlie  rod,  otherwise  excessive  wear 
will  result.  With  an  8 -inch  rod  it  is  quite  enough  if  the  rings 
are  bored  out  ^^  inch  less  than  the  diameter  of  the  rod.  In  this 
case  after  running  about  a  month  one  or  two  of  the  rings 
nearest  the  cylinder  will  have  become  just  slack  on  tlie  rod,  but 
these  can  easily  be  renewed. 

The  most  satisfactory  form  of  ring  is  rectangular  in  section, 
and  should  not  be  too  narrow.  This  should  be  surrounded  by 
an  L  shaped  solid  ring  which  is  made  an  accurate  fit  inside  the 
packing-box.  The  box  should  contain  eight  or  ten  of  these  double 
rings,  which  should  be  held  up  to  their  work  by  spiral  springs 
acting  parallel  with  the  rod.  White  metal  V  shaped  rings  may 
be  used  with  advantage  at  the  outside  end  of  the  packing,  well 
away  from  the  hot  end.  They  should  preferably  be  put  in  a 
separate  box  fitting  inside  the  main  packing-box.  The  rings  in 
this  part  of  the  packing  which  do  not  touch  the  rod  should  be 
of  brass  or  gunmetal.  The  packing-box  should  be  made  in  two 
halves  for  the  sake  of  accessibility,  and  should  be  water-jacketed. 
If  this  is  not  done,  things  may  be  all  right  for  a  time;  but  if 
there  is  any  blow,  the  box  will  soon  become  nearly  red-hot,  with 
the  result  that  the  packing  will  deteriorate  very  quickly.  A 
sketcii  (not  to  scale)  of  the  packing  described  i^  shown  in  Fig  4. 
It  is  the  only  ])acking  whicli  the  authcjr  has  found  even  moder- 
ately satisfactory  after  three  years  of  experimenting  on  two 
engines  by  four  different  linns  of  jiacking  m  mufacturers,  during 
which  time  something  like  ten  dilfurent  types  of  packing  were 
tried. 

SlKVIlKICATloN    OF    OaSEOUS    MiXTUIfKS. 

Much  has  been  written  regarding  the  real  or  suppo.setl 
stratification  of  tlie  charge  in  the  cylinders  of  large  gas  engines. 
The  whole  theory  of  the  Korting  cycle  depends  on  the  a.ssump- 
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tioii  that  this  stratification  takes  place,  and  evidently  to  a 
certain  extent  it  must  be  so,  as  the  diffusion  of  gases  cannot 
take  place  instantaneously.  Howevei*,  it  appears  that  even 
during  the  short  time  required  for  the  admission  of  the  charge 
in  the  Kortinsi-  eno-ine,  a  considerable  amount  of  diffusion  takes 
place,  as  is  shown  by  the  loss  of  |)art  of  the  charge  through  tlie 
exhaust  ports  previously  referred  to.  In  view  of  this,  it  scarcely 
seems  likely  that  the  charge  will  remain  in  any  considerably 
stratified  condition  throughout  the  compression  stroke  up  to  the 
time  of  ignition.  It  is  claimed  by  many  gas  engine  builders, 
however,  that  this  is  the  case,  and  tliat  when  running  at  low 
loads  there  will  be  a  fairly  strong  mixture  in  the  vicinity  of  the 
ignition  plugs,  although  the  average  charge  in  the  cylinder  may 
be  very  weak. 

Whatever  the  actual  state  of  things  in  this  matter  may  be, 
some  very  curious  and  apparently  puzzling  facts  regarding  the 
effect  of  the  position  of  the  ignition  plugs  have  been  brought  to 
light.  The  engines  on  which  these  experiments  were  made 
have  two  low-tension  igniters  at  each  end  of  the  cylinder,  one 
right  at  the  end  in  a  pocket  below  the  inlet  valve,  and  the  other 
at  the  side,  and  nearer  the  piston.  It  was  found  that  if  tlie  end 
plug  was  disconnected  wliile  the  engine  was  running,  there  was 
no  visible  effect,  but  if  the  side  plug  was  out  of  action  there 
was  a  falling  off  in  the  power  produced  at  that  end  of  the 
cylinder  of  about  15  per  cent.  The  difference  was  not  always 
so  great  as  this,  but  there  was  always  quite  a  perceptible  drop 
in  the  power  when  either  of  the  side  plugs  was  not  working. 
Ignition  from  tlie  side  gives  a  sharper  explosion  and  a  more 
rapid  burning  of  the  charge,  and  consequently  a  lower  expansion 
line.  Figs.  5  and  6  are  reproduced  from  indicator  diagrams 
taken  by  the  author,  and  show  the  effect  very  well.  At  the 
time  the  engine  was  working  on  a  steady  load  at  about  two- 
thirds  full  power.  At  higher  loads  the  effect  was  not  so 
marked. 

Timing  of  Ignition. 

The  correct  timing  of  the  ignition  is  a  very  important  factor 
in  the  running  of  a  gas  engine,  if  economical  working  is  to  be 
attained.  An  arrangement  for  altering  the  timing  while  the 
engine  is  running  should  always  be  provided,  and  this  should  be 
calibrated  with  the  help  of  indicator  diagrams.  Many  engineers 
are  inclined  to  run  their  engines  with  the  ignition  too  late,  with 
the  idea  that  the  lower  maximum  pressure  and  slower  combus- 
tion is  conducive  to  smoother  running  and  reduced  wear  and 
tear.  Fig.  8  shows  an  indicator  diagram  with  the  ignition  too 
early.     Fig.  7  shows  another  diagram  taken  at  the  same  time 
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after  it  had  been  retarded  a  little,  the  timing  in  this  case  being 
correct.  The  timing  should  be  so  set  that  the  explo.'^ion  line  is 
vertical,  not  leaning  back.  Some  engineers  argue  that  with  later 
ignition  a  higher  expansion  line  is  obtained,  and  hence  the  power 
is  not  reduced,  but  as  a  matter  of  fact  repeated  experiments 
have  shown  that  the  maximum  power  is  obtained  with  a  vertical 
explosion  line,  the  extra  pressure  thus  gained  during  the  early 
part  of  the  stroke  more  than  making  up  for  the  lower  expansion 
curve.  At  liglit  loads  when  working  with  a  weak  mixture  it 
will  be  found  necessary  in  order  to  get  the  best  results  to  advance 
the  ignition  more  than  at  full  load,  to  compensate  for  the  slower 
combustion  of  the  charge. 

Pke-ignition. 

One  of  the  most  persistent  troubles  wdiicli  users  of  large  gas 
engines  have  to  contend  w^ith  is  the  lial)ility  to  pre-ignition. 
Pre-ignitions  are  not  in  themselves  dangerous  provided  they  keep 
within  limits.  It  is  the  author's  exi)crience  that  with  large 
engines  with  cylinders  upwards  of  2  feet  diameter,  pre-ignitions 
are  never  entirely  absent,  at  any  rate  when  running  on  producer 
gas,  but  if  everything  is  all  right  they  should  not  occur  more 
frequently  tlian  once  every  two  or  three  hours.  Under  unfavour- 
able conditions,  however,  they  may  occur  every  two  or  three 
revolutions,  and  in  extreme  cases  may  occur  every  revolution, 
when  of  course  the  engine  will  pull  itself  up  if  the  load  is  not 
taken  off  immediately.  Pre-ignitions  may  occur  at  almost  any 
point  of  the  compression  stroke,  as  shown  by  Figs.  9  to  12. 

In  tlie  Korting  engine  the  fresh  gas  is  pumped  into  the 
cylinder  before  the  hot  exhaust  from  the  [)revious  explosion  has 
been  entirely  expelled,  and  although  there  should  be  a  layer  of 
air  between  the  exhaust  and  the  fresh  charge,  as  a  matter  of 
fact  ignition  of  the  charge  occasionally  tiikes  place  at  this  ])oint, 
presumaldy  by  its  contact  with  the  hot  exhaust  gas.  At  this 
time  the  exhaust  ports  are  uncovered,  and  the  inlet  valve  is  also 
open,  so  that  the  cylinder  is  in  communication  both  with  the 
exhaust  })ipe  and  with  the  gas  and  air  ])umps.  OccMsioiuil  j>re- 
ignition.s  of  this  type  are  perfectly  harmless,  although  to  the 
uninitiated  ob.-erver  they  sound  very  terrible.  The  outward 
effect  is  a  bang  in  the  exhaust  pipe,  followed  by  a  loud  rap  from 
somewhere  in  the  neighbourhood  of  the  inlet  valve.  Pig.  12 
sliows  a  pre-ignition  of  this  kind.  It  will  be  seen  that  since  the 
explosion  starts  at  atmospheric  pressure  and  the  cylinder  is  open 
to  exhaust  no  pressure  of  any  conse(|U(Mi(.'e  is  icached,  the  only 
result  being  noise  and  the  loss  of  a  working  stroke.  Fig.  lo 
3how\s  another  specimen  of  the  same  thing,  the  diagram  in  this 


126        WORKING   EXPERIENCES   WITH    LARGE   GAS    ENGINES. 

case  having  been  taken  with  a  light  spring.  In  this  figure  A  is 
the  expansion  line  ;  B,  expansion  after  pre-ignition ;  C,  pre- 
ignition;  D,  ordinary  compression  line.  The  effect  of  these 
explosions  in  the  gas  and  air  pumps  is  shown  in  Figs.  14  and 
15,  which  are  indicator  diagrams  taken  from  the  gas  and  air 
pumps  respectively.  The  sudden  rise  of  pressure  is  due  to  the 
explosion  taking  pLace  in  the  cylinder  while  the  inlet  valve  is 
open  and  causing  a  blow  back  into  the  pumps.  When  an 
engine  is  running  light,  especially  when  just  started  after 
having  been  at  rest  for  some  time,  tliis  firing  back  may  occur 
almost  continuously,  but,  in  most  cases,  when  the  load  is  put  on 
it  will  decrease,  and  by  the  time  half  to  two-thirds  load  is 
reached  will  probably  cease  altogether.  The  only  explanation 
of  this  phenomenon  that  occurs  to  the  author  is  that,  with  the 
weak  explosive  mixture  in  the  cylinder  at  light  loads,  the 
burning  is  so  slow  that  combustion  is  not  complete  at  the  time  of 
exhaust,  and  tlie  lingering  flame  tends  to  ignite  the  fresh  charge. 

On  one  occasion  an  engine  wlien  running  at  about  J  load 
was  firing  back  \'ery  frequently  in  tlie  manner  described,  and  it 
was  found  on  examination  that  the  wire  to  the  side  ignition  plug 
had  become  disconnected.  When  this  wire  was  connected  up 
there  was  an  appreciable  rise  in  the  power  and  the  firing  back 
ceased.  This  is  very  difficult  to  explain  satisfactorily,  but  it 
seems  that  the  slow  burning  of  the  gas,  wliich  apparently  takes 
place  when  the  end  plug  only  is  in  action  (see  Fig.  6)  caused 
ignition  of  the  entering  charge  at  the  end  of  the  stroke.  It  is 
to  be  noted  that  when  the  side  wire  was  disconnected  the  engine 
was  not  missing  fire. 

Pre-ignitions  of  the  ordinary  type,  as  shown  in  Fig.  9,  are 
evidently  caused  by  overheating  of  something  inside  the 
cylinder.  If  the  piston  rings  are  broken,  and  hot  gas  is  blowing 
past  the  piston,  the  latter  becomes  overheated  at  the  edge, 
causing  pre-ignition.  Tlie  effect  of  this  is  very  often  seen  when 
the  piston  is  taken  out  after  the  engine  has  been  running  with 
broken  rings.  Pre-ignitions  may  also  be  caused  by  firing  past 
the  rings  from  one  side  of  the  piston  to  the  other  if  the  former 
are  in  bad  order.  This  is  most  likely  to  occur  in  the  two-stroke 
engine,  as  in  this  case  the  compression  takes  place  at  one  side  of 
the  piston  while  combustion  is  going  on  at  the  other,  and  the 
compressed  charge  is  likely  to  lead  past  the  rings  and  become 
ignited  at  the  other  side  of  the  piston,  the  flame  then  travelling 
back  and  causing  a  premature  explosion  of  the  charge. 

In  the  Korting  engine  it  often  happens  that  broken  pieces  of 
the  rings  drop  into  the  exhaust  ports  and  stick  there,  so  that  the 
piston  on  its  return  shears  off  a  piece  of  ring  which  then  gets 
into  the  explosion  space.  This  piece  of  ring  may  get  red-hot 
and  cause  ^jre-ignitions. 
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Utilisation  of  Waste  Heat. 

No  installation  of  large  gas  engines  is  complete  without  some 
means  for  utilising  the  heat  carried  away  by  the  exhaust.  The 
most  satisfactory  way  of  doing  this  is  to  i)ass  the  exhaust  through 
a  boiler.  The  steam  generated  may  be  used  for  a  variety  of  pur- 
poses, such  as  supplying  the  ]»roducers,  heating,  running  a  small 
stenm  engine,  etc.  The  exhaust  i'rom  any  engine  will  generate 
enough  steam  for  the  production  of  all  the  gas  the  engine 
requires,  so  that  if  the  gas  is  only  used  for  engines,  no  separate 
boilers  are  required  for  the  producers.  A  horizontal  tubular 
boiler  is  the  most  satisfactory  type  to  use,  and  tliis  sliould  be 
placed  as  close  to  the  engine  as  possible.  The  exliaust  pipe 
leading  from  the  engine  to  the  boiler  should  be  cast  with  a 
jacket,  and  used  either  as  a  feed-water  heater  or  as  a  super- 
heater. The  most  efficient  method  is  to  use  the  exhaust  after 
it  leaves  the  boiler  as  a  feed-water  heater,  nnd  to  superheat  tlie 
steam  by  passing  it  round  the  exhaust  pipe  leading  to  tlie  boiler. 
Owing,  however,  to  the  great  heat  attained  by  the  pipe  nearest 
the  engine,  trouble  may  be  experienced  with  steam  joints,  etc., 
so  that  in  practice  it  is  more  reliable  to  keep  the  pipe  nearest 
the  engine  water-jacketed.  Great  care  should  be  taken  to  fix 
tlie  boiler  so  as  to  avoid  vibration  as  much  as  possible,  other- 
wise trouble  may  arise  from  the  tubes  shaking  loose. 

Producek  Gas. 

The  following  remarks  concern  gas  made  in  a  pressure 
producer  using  bituminous  coal,  and  must  not  be  taken  to  ai)i)ly 
to  suction  gas.  The  relative  advantages  of  producer  gas  as 
compared  with  blast-furnace  gas  for  use  in  large  engines  have 
been  much  discussed.  The  Mond  type  of  producer  is  that 
which  is  most  used  for  large  plants,  and  the  author's  experience 
is  that  Mond  gas  is  quite  satisfactory  for  large  engines,  if 
reasonal)le  care  is  taken  in  its  use.  The  gas  must  be 
thorougldy  cleaned,  otherwise  trouble  is  bound  to  ensue,  owing 
to  the  valves  of  the  engines  sticking.  Mond  gas  contains  an 
enormous  amount  of  tar,  which  is  very  difficult  to  get  rid  of. 
Some  kind  of  washing  arrangement  and  two  sawdust  scrubbers 
in  series  are  absolutely  necessary.  For  washing  j)urp()ses  an 
old  Lancashire  boiler  set  vertically  is  useful.  Tliis  should  be 
packed  with  ring  tiles,  and  tlie  gas  should  i)ass  upwards 
through  it,  water  meanwhile  dripping  downwards  over  the  tiles, 
and  being  carried  away  by  a  drain  through  a  water  seal  at  the 


128        WORKING   EXPEKIENCES    WITH    LARGE    GAS    ENGINES. 

bottom.  This  process,  besides  extracting  a  certain  amount  of 
tar  from  the  gas,  also  cools  it  very  effectively. 

At  any  temperature  a  certain  amount  of  tar  remains  in  a 
gaseous  form,  and  the  higher  the  temperature  of  the  gas  the 
more  tar  will  remain  in  it  in  this  state.  Hence  it  is  always 
advisable  to  cool  the  gas  down  as  nearly  to  atmospheric 
temperature  as  possible.  After  passing  througli  a  tower,  as 
described,  and  then  through  two  sawdust  scrubbers,  the  gas 
should  be  absolutely  invisible,  and  should  leave  no  stain  on  a 
piece  of  white  paper,  showing  that  it  is  free  from  tar  in 
suspension.  Even  when  the  gas  is  in  this  condition,  after  a 
very  short  time  the  gas  valve  and  mixing  chamber  of  a  four- 
stroke  engine,  or  the  gas  piston  valve  of  a  Korting  engine,  will 
become  thickly  coated  with  tar,  and  a  thorough  cleaning  of  these 
will  be  necessary  about  once  a  fortnight.  The  cause  of  this 
deposit  on  the  valves,  etc.,  is  apparently  as  follows  :  Although 
there  is  no  tar  in  suspension  in  the  gas,  yet  a  certain  amount  is 
present  in  a  gaseous  form.  During  the  suction  stroke  the 
pressure  behind  the  gas  regulating  valve  or  stop  valve  may 
fall  considerably  below  atmosplieric  pressure,  especially  if  the 
engine  is  running  on  a  light  load  with  the  gas  supply  much 
throttled.  This  fall  of  pressure  is  accompanied  by  a  corre- 
sponding fall  in  temperature,  hence  some  of  the  gasified  tar 
condenses  and  is  deposited  in  the  neighbourhood  of  the  valves. 
The  author  has  suggested  (although  he  has  not  been  able  to 
make  any  experiments  in  that  connection)  that  after  cooling 
the  gas  to  atmosplieric  temperature  it  should  be  heated  again 
before  being  taken  to  the  engine.  This  heating  would  make  up 
for  the  fall  in  temperarure  during  the  suction  stroke,  and  hence 
the  deposition  of  tar  would  probably  be  avoided,  and  it  would  be 
carried  over  to  the  cylinder  and  there  burnt.  The  exhaust  might 
be  used  for  heating  the  gas  for  this  purpose. 

In  the  case  of  the  four-cycle  engine,  the  effect  of  the  tar 
depositing  is  usually  to  make  the  gas  valve  stick  open.  This 
valve,  which  is  generally  closed  by  a  fairly  light  spring,  sticks 
open  much  more  readily  than  the  inlet  valve.  This  results  in  a 
series  of  explosions  in  the  air  pipe,  which,  although  very  noisy, 
are  comparativ(ily  harmless.  A  good  dose  of  tar  oil  will 
generally  free  the  valve  temporarily,  if  it  is  necessary  to  avoid 
stopping  the  engine. 

It  has  been  frequently  debated  whether  a  gas  containing  a 
comparatively  large  ])ercentage  of  hydrogen  is  suitable  for  large 
engines.  A  point  which  is  otten  overlooked  is  that  the  tempe- 
rature of  com))Ustion  of  hydrogen  is  considerably  lower  than 
that  of  carbonic  oxide,  hence  an  engine  running  on  Mond  gas 
should,   theoretically,   keep    cooler  than  one  running  on  blast 
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furnace  gas.  Against  this  we  have  to  set  the  fact  that  hydrogen 
ignites  at  a  lower  temperature,  and  hence  there  is  more  liability 
to  pre-ignition.  The  following  is  an  average  analysis  of  Mond 
gas  : — 

CO,  .. 
O  .".  .. 
CO        ..      ..      11-4         „  !       Calorific  Value  (higher  scale) 

H 26-6        .,  -        159-4  B.T.U.  per  cubic  ft. 

CH,  .. 
N  ..      .. 
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A  small  variation  in  the  percentage  of  marsh  gas  causes  a 
■considerable  difference  in  the  calorific  value,  owing  to  the  very 
high  value  of  that  constituent.  The  author  has  made  very  care- 
ful experiments  to  ascertain  whether,  within  the  limits  of 
ordinary  working  of  the  Mond  plant,  there  is  an  increased 
tendency  to  pre-ignition  in  large  engines  with  increasing  calorific 
value  of  the  gas.  The  result  arrived  at  was  that  between  the 
values  of  140  and  165  B.T.U.  per  cubic  foot  (on  the  higher  scale) 
there  was  no  perceptible  difference  in  the  running  of  the  engines, 
except,  of  course,  that  the  power  increased  as  the  value  of  the 
gas  rose,  if  the  engine  was  not  controlled  by  the  governor. 
During  the  experiments  regular  analyses  of  the  gas  were  made 
from  samples  taken  at  the  engine  stop  valve,  notes  being  taken 
as  to  the  running  of  the  engine  at  the  time.  No  relation  could 
be  found  between  the  percentage  of  any  one  constituent  of  the 
gas  and  the  behaviour  of  the  engine. 

If  the  load  on  a  producer  gas  plant  is  suddenly  largely 
reduced,  gas  of  a  very  high  value  is  given  off  for  a  short  time, 
and  this  will  cause  violent  pre-ignition,  generally  resulting  in  the 
engines  pulling  themselves  up  entirely.  If,  however,  the  driver 
is  prepared,  and,  as  soon  as  he  sees  the  load  begin  to  go  up, 
keeps  it  steady  by  partly  shutting  off  the  gas  at  the  stop  valve, 
the  temporary  rise  in  value  of  the  gas  can  be  tided  over  without 
any  trouble.  On  one  occasion  one  large  engine  was  running, 
and  most  of  the  remainder  of  the  gas  from  the  producers  was 
used  for  firing  two  large  water-tube  boilers.  After  one  of  these 
boilers  had  been  shut  down  for  about  ten  minutes  the  load  on 
the  engine  began  to  rise  quickly,  but  was  kept  steady  by  a  man 
at  the  stop  valve.  Meanwhile,  the  thermometer  of  the  calori- 
meter in  the  engine-house  was  watched  until  it  reached  its 
highest  point,  and  then  the  value  of  the  gas  was  taken,  and 
found  to  be  210  B.T.U.  per  cubic  foot  (on  the  higher  .^cale). 
After  twenty  minutes  it  had  fallen  to  its  noraial  value  aiirain. 
During  this  time  there  was  not  a  single  pre-ignition. 

This   helps   to   explain   the   fact   that  large  engines  can  be 
-successfully  run  on  coke-oven  gas,  provided  that  it  is  sufficiently 
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diluted.    An  average  sample  of  coke-oven  gas  gives  the  following 
analysis : — 

COo       ..      ..       5"0  per  cent.  \ 

O  ." 0-6 

CO        ..      ..       5' 6        „  (       Calorific  Value  (his:her  scale) 

H 41-8         „  r  517  B.T.U.  per  cubic  ft. 

CH,      ....  33-3 

N 13-7         „  ) 

The  author  is  informed  that  the  gas  of  which  the  above  is 
an  analysis  is  being  successfully  used  for  driving  engines  of 
fairly  large  size  at  the  Shelton  Iron  Works,  Stoke. 


DISCUSSION. 

The  Chairman  moved  a  vote  of  thanks  to  the  author,  and  in 
doing  so,  remarked  that  it  was  some  years  since  the  Society  had 
a  paper  on  the  subject  of  ,f,nis-engines,  the  last  having  been  read 
by  Mr.  S.  Griffin  in  1889.  The  subject  of  that  paper  was, 
"  Modern  Gas-Engine  Practice,"  and  the  Bessemer  Premium  had 
been  awarded  for  it.  It  was  interesting  to  look  at  that  paper 
in  the  light  of  what  they  had  heard  to-night,  and  of  what  engi- 
neers were  accustomed  to  at  the  ^resent  time.  Mr.  Griffin,  in 
his  paper,  said,  "  It  is  certain  that,  except  within  limited  spheres, 
gas-engines  and  steam-engines  could  never  be  real  competitors," 
and  he  went  on  to  speak  of  the  impossibility  of  our  Atlantic 
liners,  or  swift  railway  trains,  or  colossal  mills  being  propelled 
or  actuated  by  motors  using  gas  as  fuel  in  their  cylinders.  This, 
in  his  opinion  was  beyond  the  limits  of  probability.  In  the 
present  paper,  Mr.  C.  St.  George  Moore  had  alluded  to  some 
large  gas-engines,  and  probably  all  engineers  knew  that  there 
were  still  greater  schemes  either  actually  being  carried  out,  or 
being  prepared  for.  The  paper  was  interesting  in  that  it  had 
shown  the  matter  from  an  up-to-date  stand-point,  and  the  author 
had  been  good  enough  to  bring  forward  from  his  own  experience 
some  very  interesting  points  of  theory  as  well  as  of  practice ; 
and  he  asked  the  meeting  to  join  in  according  him  a  hearty  vote 
of  tlianks. 

The  motion  was  carried  by  acclamation. 

Professor  D.  S.  Capper  said  that  the  author  had  supplied  a 
very  real  want,  namely,  a  paper  dealing  with  the  practical 
troubles  and  difficulties  in  constructing  and  working  large  gas- 
engines,  which  the  manufacturers  had  to  face,  and  were  facing 
in  making  gas-engines  of  large  size.  The  author  mentioned 
engines  of  the  size  of  1200  H.P.,  but  did  not  speak  of  those 
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larger  engines  which  one  occasionally  reads  ot"  in  print,  but  of 
which  first-hand  information  was  very  difficidt  to  obtain.  The 
paper,  therefore,  was  of  very  great  interest,  and  he  would  try 
in  the  time  at  his  disposal  to  touch  upon  a  few  of  the  many 
jjoints  for  discussion  which  it  opened  up. 

At  the  outset  the  author  brieflv  compared  the  two-  and  the 
four-cycle  engine,  and  said  correctly  that  the  two-cycle  engine 
ought  to  be  smaller  than  the  four-cycle  engine.  At  the  same 
time  he  went  on  to  show  that  the  auxiliary  pumps  and  other 
gearing  did  not,  in  practice,  result  in  such  a  reduction  of  space 
occupied.  In  the  speaker's  view  this  pointed  to  almost  certain 
improvements  in  the  future,  and,  although  size  was  a  very 
important  point,  it  led  him  to  think  of  the  comparison  between 
a  sas-enfjine  and  a  steam  engine  on  somewhat  broader  lines.  He 
felt  that  if  the  gas-engine  was,  as  many  believed,  destined  to- 
replace  the  steam-engine  altogether  (especially  if  a  turbine  gas- 
engine  were  ever  produced)  it  was  probable  that  advance  in  the 
future  would  be  made  by  striking  out  even  on  bolder  lines  than 
had  been  as  yet  attempted.  At  the  present  time  he  thought  it 
would  be  admitted  that  the  gas-engine  was  not  comparable,  for 
all  sorts  and  conditions  of  working,  with  the  steam-engine  ;  gas- 
engines,  for  example,  could  not  be  constructed  as  large  as  steam- 
engines,  they  could  not  be  compressed  into  the  same  space 
(unless  thi  boiler  and  gas-producer  were  included  in  the  com- 
parison) they  could  not  be  run  with  the  same  variation  of  speed 
and  there  were  other  points  in  which  they  were  not  at  present 
on  an  equal  footing. 

On  a  small  scale  a  good  many  of  these  points  of  difference 
had  been  removed,  but  on  a  large  scale,  for  general  use,  he 
thought  that  his  statement  was  correct.  If  the  gas-engine  is  to 
replace  the  steam-engine,  it  must  be  able  to  compete  with  it  in 
all  splieres  of  work.     He  would  return  to  this  point  later. 

lieferring  to  a  few  of  the  details  which  struck  him  as 
specially  interesting  in  the  paper,  the  author  had  dwelt  chiefly 
perliaps  with  the  Korting  engine.  That  engine  was  very 
interesting  as  being  a  revival  in  a  modified  form  of  the  earlier 
Clerk  engine.  He  need  not  refer  to  the  points  that  the  author 
had  described,  which  differentiated  the  Korting  engine  from 
most  other  gas  engines ;  he  would  mention  only  one  point, 
namely,  the  absence  of  an  exhaust-valve,  to  which  the  author 
had  referred.  This,  of  course,  enai^led  the  engine  to  be  run  on 
the  two-cy<'Je  without  the  consequent  troubles  from  overheating 
of  the  exhaust- valves.  The  author  had  referred  to  the  very 
interesting  fact  that  the  result  of  this  arrangement  was,  in  the 
engine  which  the  author  had  experimented  with,  a  very  ap})reci- 
able  percentage  of  the  gas  charge  escaped  into  the  exhaust  before 
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the  piston  returned  and  closed  the  ports.  The  speaker  could 
not  help  wondering  whether  this  leakage  was  entirely  due  to 
the  absence  of  exhaust  valves.  Was  it  not  possible  that  some  of 
the  gas  escaped  past  the  piston  when  at  high  pressure  ?  He  was 
not  aware  of  any  experimental  investigations  into  this  very 
interesting  and  important  point. 

Another  point  which  the  author  had  touched  upon  was  the 
stratification  of  the  charge.  Stratification  had  been  very  widely 
accepted  on  the  authority  of  some  of  the  soundest  experimenters 
and  pioneers  in  gas-engine  work.  The  author  pointed  out  that 
stratification  appeared,  from  the  evidence  which  had  come  to 
his  notice,  not  to  be  so  nearly  perfect  as  had  been  supposed. 
Was  it  not  possible  that  leakage  past  the  piston  might  occur 
sufficiently  to  upset  stratification  and  to  produce  longitudinal 
waves  of  gas,  chiefly  in  the  outer  cylindrical  ring  of  the  charge, 
which  would  upset  the  transverse  layers  of  gas  and  air  which 
had  been  presumed  to  exist  ?  The  fact  that  stratification  was 
not  found  so  nearly  perfect  by  the  author  as  had  been  supposed 
did  not  therefore  necessarily  upset  the  stratification  theory,  but 
it  might  be  another  fact  connected  with  the  leakage  of  gas  into 
the  exhaust,  to  which  the  author  had  referred. 

With  regard  to  the  use  of  white  metal  for  coating  the  piston, 
the  speaker  would  much  like  to  know  the  constitution  of  the 
white  metal  used.  If  ordinary  white  metal  with  a  low  fusing 
point  were  used,  it  certainly  seemed  to  point  to  a  nearly  perfect 
system  of  water  jacketing  for  the  piston  and  other  heated  parts, 
much  more  nearly  perfect  than  the  speaker  had  thought  was 
possible.  One  knew  very  well  that  the  cylinder  walls  were  not 
of  the  temperature  of  the  gas,  or  anywhere  near  it,  and  one  also 
knew,  of  course,  that  the  water-jacketed  piston  was  not  at  any- 
thing like  the  temperature  of  the  gas,  but  that  a  projecting  mass 
of  white  metal,  without  itself  being  water  cooled,  could  stand 
without  destruction  was  remarkable.  It  was  a  fact  probably 
not  new  to  gas-engine  manufacturers,  but  it  was  interesting  to 
him,  and  he  had  no  doubt  to  many  others  of  the  audience. 

The  author  had  referred  to  the  wear  of  large  horizontal 
cylinders,  and  there  was  no  doubt  that  his  statements  in  this 
respect  were  correct,  but  he  should  very  much  like  to  know 
whether  in  the  figures  given  on  page  121,  experiments  had  been 
made  to  see  how  far  what  was  apparently  wear  might  have  been 
due  to  distortion  of  the  cylinders.  With  large  castings  internal 
stresses  in  the  metal  were  of  course  present,  and  with  the  very 
great  and  rapid  changes  of  temperature  which  take  place  inside 
the  cylinder  of  a  gas  engine,  one  would  expect  to  find  in  work- 
ing considerable  distortion,  and  therefore  much  of  what  the 
author  had  believed  to  be  wear  might  really  be  due  to  this  cause. 
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The  author  referred  to  the  methods  which  had  been  adopted  to 
reduce  this  wear,  and  amongst  these  he  had  specially  mentioned 
tail  rods.  These  large  horizontal  pistons,  supported  by  tail 
rods,  had  very  largely  gone  out  of  fashion  in  the  case  of  steam 
engines.  He  could  hardly  believe  that  such  methods  would  be 
the  universal  practice  with  gas  engines.  If  that  were  so,  surely 
the  way  to  get  over  the  trouble  of  the  wear  of  pistons  and  the 
troubles  witli  tail-rods,  which  after  all  were  only  makeshifts,  or 
at  any  rate  suitable  for  one  set  of  conditions  only,  was  to  strike 
at  the  root  of  the  problem  at  once,  and  realise  that  radical 
changes  in  the  design  of  gas  engines  must  be  faced  in  the  future. 
Surely  the  experience  of  the  steam  engine  would  tell  us  that, 
except  in  special  cases  where  slow  speeds  and  large  engines 
were  desirable  for  special  reasons,  the  cure  for  this  trouble 
would  probably  lie  in  the  use  of  vertical  engines  running  at 
high  speeds,  and  the  possibility  of  variation  of  speed.  Of  course, 
he  did  not  mean  to  say  that  the  vertical  engine  would  be  uni- 
versally applicable,  nor  that  there  was  not  wear  in  a  vertical 
engine,  but  what  he  meant  was  that,  until  the  gas  engine  was 
free  from  the  limitations  of  speed  and  design  which  at  present 
surrounded  it,  it  was  not  likely  to  be  an  alternative  to  the  steam 
engine  under  all  conditions  of  working. 

The  account  which  the  author  had  given  of  the  way  in  which 
the  rod  of  an  engine  had  been  turned,  so  as  to  counteract  the 
bending  at  different  points  of  the  stroke,  was  delightfully  inter- 
esting, and  it  showed  the  shifts  to  which  one  was  led  when  one 
had  to  deal  with  these  very  heavy  slow  moving  masses.  It  was 
extraordinary  that,  in  order  to  avoid  the  wear  of  the  cylinder 
and  piston,  one  should  really  be  driven  to  dealing  with  the  rod 
in  the  way  the  author  described,  that  is  in  order  to  reduce  wear 
at  one  place,  to  enormousl}'  increase  it  at  another.  He  would 
like  to  ask,  even  at  the  risk  of  repetition,  whether  the  future 
was  not  going  to  lead  to  much  higher  speeds  even  than  those 
used  in  the  case  of  the  steam  engine  ?  Was  it  not  possible  that 
they  would  find  some  of  the  troubles  at  present  experienced 
from  over-heating  with  two-cycle  engines  would  not  be  increased 
by  running  the  engines  very  much  faster,  while  it  would  atibrd 
the  possibility  of  altering  the  period  of  ignition  just  as  they  did 
in  the  petrol  engine,  and  so  getting  a  much  more  clearly,  defi- 
nitely and  beautifully  regulated  engine  with  increased  efficiency 
if  properly  controlled.  At  the  same  time  the  engine  would 
become  much  smaller,  and  probably  the  trouble  from  very  high 
temperatures  would  be  reduced.  If  with  this  was  coupled  a 
more  extended  possibility  of  regulating  the  charge  by  throttling, 
which  was  now  becoming  more  common,  he  believed  that  the 
steam  engine  would  have  a  very  serious  rival  indeed.     He  could 
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not  help  believing  that  it  was  in  that  direction  that  advance 
would  really  be  made. 

One  further  suggestion  that  had  occurred  to  him  (when  the 
author  spoke  of  the  troubles  with  packing)  was,  would  it  not  be 
possible  to  get  over  this  difficulty  by  the  use  of  a  fluid  packing 
under  pressure  ?  A  small  leakage  of  steam  into  the  cylinder 
would  not  matter,  indeed  suggestions  have  been  made  for  the  use 
of  steam  mixed  with  gas.  There  was,  of  course,  the  Vogt  engine, 
in  which  water  was  put  right  inside  the  cylinder,  instead  of 
putting  it  outside  in  the  jacket,  and  in  this  way  a  most  wonder- 
fully interesting  and  efficient  arrangement  was  obtained.  The 
water  was  pumped  in  under  pressure  and  kept  circulating  by  an 
auxiliary  pump,  and,  by  increasing  or  reducing  the  quantity  of 
water  inside  the  cylinder,  the  compression  could  be  increased 
or  reduced  to  a  nicety  to  suit  the  charge,  and  therefore  a  nearly 
perfect  regulation  of  iDoth  charge  and  explosion  could  be  obtained. 
The  efficiency  obtained  with  a  small-sized  engine  on  this  system, 
with  which  the  speaker  had  experimented,  was  remarkable. 

The  author  had  referred  to  the  utilisation  of  waste  heat  in 
the  gas  engine.  Of  course,  that  was  a  very  interesting  and 
important  question,  but  he  must  confess  that,  in  his  experience, 
he  had  found  the  occasions  on  which  the  exhaust  gases  could  be 
used  for  really  useful  purposes  were  very  limited.  If  it  was 
sought  to  utilise  them  on  all  occasions  artificiality  would  be 
introduced,  with  consequent  losses  much  greater  than  the  gain 
obtained.  He  did  not  in  any  way  wish  to  discourage  the  utilisa- 
tion of  the  exhaust  heat  where  the  conditions  were  suitable,  but 
he  wished  to  sound  a  note  of  warning  against  the  idea  that 
under  all  conditions  it  was  wasteful  not  to  use  the  heat  in  the 
exhaust  gases.  Where  the  conditions  were  favourable,  it  was 
bad  engineering  not  to  utilise  them,  and  the  author  was  perfectly 
right  in  drawing  attention  to  tlie  matter.  He  was  not,  therefore, 
speaking  against  the  utilisation  of  the  waste  heat.  He  only 
meant  to  point  out  that  it  was  not  universally  possible. 

Mr.  W.  Pollard  Digby  said  tliat  the  author  had  given  them 
a  paper  of  very  great  interest.  They  wanted  to  know  far  more 
of  the  subject  of  the  working  of  internal  combustion  engines. 
They  had  very  little  that  was  absolutely  official  respecting  the 
h)reakdown  of  engines  of  this  and  other  types.  The  author  had 
mentioned  in  the  paper  a  great  many  of  the  points  of  trouble. 
It  was  curious  that  the  author  in  the  opening  paragraph  depre- 
cated the  conservatism  of  the  consulting  engineer.  He  thought, 
however,  tlie  author  himself  had  justified  that  conservatism  in 
the  course  of  his  paper.  They  heard  of  broken  piston  rods, 
broken  pistons,  pre-ignition,  and  trouble  with  the  packing.  Engi- 
neers some  four  years  ago  were  assured  that  the  Korting  gas 
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engine  was  a  commercially  successful  machine.  Now,  Mr. 
St.  Geortre  Moore  told  tliem  ^liat  the  engines  of  the  particular 
t)^e  which  had  been  used  during  the  last  eighteen  months  were 
much  to  be  preferred  to  those  with  which  he  had  had  actual 
experience,  but  were  they  sure  that  they  had  got  to  the  end 
of  the  stream  of  difficulties  ?  Speaking  from  a  rather  extensive 
series  of  reports  which  passed  through  his  hands  last  autumn, 
lie  was  rather  inclined  to  disbelieve  that  they  were  nearly  at 
the  end  of  the  troubles  of  the  internal  combustion  engine.  It 
had  been  hailed  as  a  triumphant  success  time  after  time.  About 
twelve  years  or  so  ago  there  were  one  or  two  municipal  electric 
lighting  installations  put  down  in  this  country,  and  very  re- 
markable fuel  costs  were  published.  Later  on,  when  ccmsulting 
engineers  in  Victoria  Street  were  not  so  intimately  concerned 
in  the  management,  tlie  borough  electrical  engineers  took  very 
good  care  that  all  their  extensions  were  with  steam-driven 
machinery.  That  w^as  the  experience  of  ten  or  twelve  years 
ago.  The  experience  of  a  couple  of  months  ago  was  that,  in  a 
very  large  installation  in  South  Africa,  as  the  engineering  papers 
of  last  week  stated,  a  certain  city  council  had  voted  11,000/.  for 
.steam  engines  to  replace  the  existing  gas  engines.  Of  course, 
as  to  that  particular  type  of  gas  engine  in  the  South  African 
installation,  he  did  not  at  all  share  the  author's  rather  com- 
mendatory opinion  of  it.  He  (Mr.  Pollard  Digl)y)  had  seen  an 
engine  of  this  pattern  at  work  some  months  ago  at  Glasgow. 
The  author  said  that  the  engine  was  well  balanced.  That  was 
so  far  as  the  balancing  of  the  moving  parts  of  the  engine  was 
concerned,  but,  if  one  went  beyond  that  and  considered  the 
turning  moment,  the  turning  moment  of  any  double-piston 
engine  in  which  the  explosion  of  the  charge  took  place  l)etween 
the  two  pistons  must  be  very  Ijad  indeed.  Anyhow,  they  knew 
that  there  had  been  cases  of  broken  crank  shafts  in  this  parti- 
cular installation. 

Passing  on  to  dynamos  driven  by  gas  en.j^ines,  the  direct 
current  machine  was  a  very  simple  matter.  When  working  in 
parallel  one  experienced  even  less  trouble,  and  as  Herr  Keinhardt 
told  them,  at  the  Iron  and  Steel  Institution  last  year,  the  running 
i)f  alternators  in  parallel  was  a  thing  which  could  be  quite  easily 
effected,  but,  after  the  experience  in  South  Africa  where  the 
alternators  were  driven  by  gas  engines,  he  did  not  think  this 
was  the  case.  Then  there  was  another  point  which  was  a  purely 
electrical  one;  that  was  the  trouble  of  gas  leakages  in  the  room. 
He  was  not  speaking  of  cases  of  gas  poisoning,  but  the  lact  of 
gas  leakage  on  the  electrical  generator  machinery.  He  once 
saw  a  300-kilo\vatt  dynamo  completely  laid  off  by  the  failure  of 
;i  commutator  tlnouiih   "[ases  which   liad   leaked   into   the  room. 
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corroding  the  copper.  He  was  rather  fortunate  in  seeing  that 
machine  a  week  before  it  broke  down  and  a  day  after.  It  was 
a  wonder  that  the  conductors  of  the  armature  had  not  been 
corroded  to  such  an  extent  as  to  require  re-winding. 

Then  too,  the  question  of  lubrication  was  a  difficult  matter. 
It  was  very  easy  to  over-lubricate  an  internal  combustion  engine. 
If  they  over-lubricated  a  steam  engine  it  did  not  matter  very 
much.  Of  course,  it  was  extravagant  and  they  had  to  get  the 
oil  out  of  the  feed-water  ;  but  when  they  came  to  over-lubricate 
an  internal  combustion  engine,  it  meant  choking  up  the  cylinders 
with  carbon  ;  the  carbon  becoming  red  hot  and  causing  pre- 
ignition  or  leading  to  explosions  in  the  exhaust  pipe  through 
pieces  lodging  under  exhaust  valves. 

Mr.  W.  A.  TooKEY  said  that  he  was  very  decidedly  with 
Mr.  Digby  in  commending  British  gas-engine  builders  for 
keeping  to  the  type  of  engine  with  which  they  were  familiar. 
It  had  occurred  to  him  that  the  whole  trend  of  the  paper  had 
been  to  show  that  some  continental  types  of  engine  which 
English  engineers  heard  so  much  about,  were  not,  after  all,  so 
very  much  better  than,  if  as  good  as,  the  British  gas  engines  of 
the  four  cylinder  open  type  which  were  sometimes  derided.  He 
had  seen  within  the  last  month  some  of  the  large  British  made 
engines  of  the  Cotter  type  of  from  250  to  750  H.P.  He  was 
sure  that  nobody  watching  them  could  ask  for  any  better  work- 
ing engines.  He  was  referring  particularly  to  the  six-cylinder 
three-crank  Westinghouse  vertical  engines  of  300  and  750  H.P. 
and  also  to  the  500-H.P.  Crossley  horizontal  gas-engine  with 
two  cylinders  tandem.  He  had  seen  both  of  these  engines 
working  very  smoothly  indeed  under  good  loads. 

The  author  seemed  to  disparage  the  Korting  engine.  It 
seemed  that  "  Working  Experiences  with  Korting  Engines " 
would  have  been  a  better  title  for  the  paper,  as  there  was  very 
little  about  any  other  type  than  the  Korting  engine  in  the 
pamphlet. 

After  all,  was  the  Korting  engine  quite  as  bad  as  the 
author  implied  ?  Only  that  day  he  had  had  the  opportunity  ol' 
seeing  a  l^jOO-H.P.  Korting  engine  working  very  satisfactorily, 
which  had  been  in  daily  use  for  over  eighteen  months.  The 
piston  and  valve  had  not  been  cleaned  for  a  great  many  months. 
It  worked  from  Monday  morning  to  Saturday  evening  without  a 
breakdown  and  the  only  attention  usually  necessary  to  be  given 
to  it  at  the  week-end  was  about  half  an  hour's  examination. 
This  proved  that  even  a  Korting  engine  could  go  for  eighteen 
months  without  troujjle.     This  brought  him  to  another  point. 

People  forgot  that  in  the  designing,  building,  and  working  of 
an  engine  there  were  a  great  many  minds  employed,  and,  apart 
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from  the  fact  that  practical  considerations  for  pattern-making 
and  foundry-work  occasionally  interfered  with  theoretical  inten- 
tions, and  made  a  compromise  inevitable  in  the  arrangement  of 
vital  parts,  after  all,  it  was  the  man  that  worked  the  engine  who 
was  responsible  for  gettinn-  out  what  the  designer  meant  should 
be  got  out  of  it.  There  was  more  in  the  personality  of  the  gas- 
engine  attendant  than  was  generally  allowed  for.  He  wished 
to  insist  on  that  point.  The  engine  might  be  good  or  bad,  but  it 
was  the  attention  which  an  engine  received  in  practical  work 
which  made  or  marred  its  success. 

White  metal  packing  of  the  piston  (already  alluded  to  by 
Professer  Capper)  was  mentioned  on  page  122  of  the  paper.  It 
seemed  very  curious  why  the  author  should  commend  a  piston 
*'  properly  shod  with  white  metal "  when,  on  page  123,  they  were 
told,  "  white  metal  will  not  stand  any  heat,  wears  away  rapidly, 
and  is  easily  broken."  In  the  600-H.P.  Korting  engine  he  had 
previously  mentioned,  no  special  precautions  had  been  taken  to 
obviate  the  wear  of  the  piston  beyond  particular  attention  to  the 
proper  internal  lubrication  of  the  cylinder. 

Then  with  regard  to  lubrication,  he  would  ask  whether  the 
dropping  of  a  few  drops  of  oil  on  the  top  of  the  piston  was  really 
a  proper  and  efficient  way  of  lubricating  a  gas-engine  piston  and 
cylinder.  Would  it  not  be  better,  instead  of  putting  a  copious 
supply  of  oil  on  the  piston,  and  hoping  it  would  flow  to  the  sides 
and  bottom  of  its  own  accord,  to  actually  put  it  where  it  was 
wanted  by  forced  lubrication  ?  This  might  mean  a  little  com- 
plication of  pipes  to  supply  the  oil  in  places,  spaced  radially  and 
loHiiitudinally  around  the  cylinder,  but  those  pipes  need  not  be 
of  large  size,  for  as  long  as  a  small  amount  of  oil  was  on  the 
right  spot,  that  was  the  main  thing.  Again,  did  they  not  have 
rather  too  large  an  orifice  for  the  oil  to  enter  the  cylinder? 
Would  carbonisation  take  place  if  the  apertures  in  the  cylinders 
were  much  smaller?  It  seemed  to  him  that  if  the  openings 
were  smaller,  they  would  be  entirely  filled  up  with  the  oil  due  to 
forced  lubrication,  and  this  would  render  them  much  less  liable 
to  become  blocked  and  the  oil  carbonised.  He  would  ask  the 
author  to  let  them  have  his  views  upon  that  point. 

The  effect  of  position  of  the  sparking-plug  on  the  ignition  of 
mixtures  refen-ed  to  on  page  124,  was  also  very  interesting.  At 
the  time  of  the  experiments,  as  the  author  pointed  out,  the 
engine  was  running  under  only  a  two-thirds  load.  It  seemed, 
however,  from  the  diagrams  as  if  the  mixture  was  rather  weaker 
than  the  two-thirds  load  would  suggest,  and  it  was  ([uite  possible 
that  they  would  get  some  erratic  firing,  if  the  engine  was  being 
supplied  with,  not  a  poor  gas,  but  a  poor  mixture.  Probably 
the  air  was  not  properly  proportioned  to  the  quality  of  the  gas. 
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He  had  had  an  opportunity  of  reading  the  paper  before  he 
saw  the  Korting  engine  to  which  he  had  already  referred,  and 
had  tried  the  experiments  which  the  author  had  pointed  out 
about  the  differences  between  the  end  phig  and  the  side  plug. 
Upon  casual  observation  on  this  particular  engine  at  any  rate 
no  (iifterence  in  working  could  be  detected,  and  he,  therefore, 
thought  that  the  proportions  of  the  gas  and  air  in  the  mixture  had 
a  great  deal  to  do  with  the  results  noted  by  the  author. 

The  remarks  as  to  pre-ignition  were  also  of  great  interest. 
Pre-ignitions  were  very  distressing,  if  not  very  harmful ;  but  the 
author  had  said  that  "  if  everything  was  right  the  pre-ignitions 
should  not  occur  more  frequently  than  once  every  two  or  three 
hours."  He  should  like  to  ask  him  why  they  should  not  occur 
more  frequently,  and  why  they  should  occur  at  all  ?  It  seemed 
to  him  that  the  author  had  some  excuse  for  them,  and  he  should 
like  to  know  what  the  excuse  for  pre-ignition  was.  It  seemed 
to  him  that  the  main  cause  of  pre-ignition,  and  the  main  cause 
of  gas-engine  trouble,  was  due  to  the  gas  served  to  tlie  engines. 
They  heard  so  much  said  to  the  effect  that  the  gas  must  be  clean, 
and  that  very  special  precautions  were  taken  on  the  Continent 
to  clean  the  gas.  But  frequently,  although  they  cleaned  the  gas 
most  thoroughly,  they  took  in  air  with  all  the  impurities  which 
it  might  contain.  When  they  had  some  better  methods  of  lubri- 
"Cating  the  cylinder,  and  of  cleaning  botli  gas  and  air,  they  would 
find,  he  thought,  that  the  large  gas-engines  would  work  with 
much  more  reliability,  and  that  pre-ignitions  would  be  unknown. 

Mr.  Arthur  Valon  thanked  Mr.  Moore  for  his  very  clear 
statement  of  the  difficulties  which  he  had  found  in  running  a 
large  gas  engine,  and  the  methods  wdiich  he  had  taken  to  over- 
come them.  As  a  consulting  engineer  who  had  been  responsible 
for  putting  in  steam  engines  where  gas  engines  might  conceivably 
have  been  used,  he  thought  that  the  statements  in  tlie  paper 
were  a  sufficient  reason  for  the  conservatism  of  consulting  engi- 
neers apart  from  the  reason  which  Mr.  Moore  had  given  in  his 
paper.  The  large  gas  engines  of  the  present  day  were  neither 
so  reliable  nor  so  simple  as  large  steam  engines,  and  although 
the  fuel  efficiency  might  be  higher,  he  did  not  think  it  always 
was.  Against  the  fuel  efficiency  they  had  to  set  the  increased 
supervision,  the  increased  maintenance,  and  also  the  increased 
initial  outlfiy.  He  believed  that  the  gas  engine  was  destined  to 
be  the  motoi-  of  the  future  and  probably  of  the  near  future,  but 
be  (Ud  not  think  tliat  the  large  gas  engines  at  the  present  time 
<jould  compare  with  a  steam  engine  of  corresponding  size. 

After  having  charged  the  consulting  engineer  w^ith  conser- 
vatism, the  author  similarly  charged  British  manufacturers, 
because  they  liad  developed  in  the  larger  sizes,  the  same  type 
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•of  engine  as  had  been  successful  in  smaller  sizes.  By  that  lie 
understood  the  author  to  mean  that  they  had  kept  to  the  open 
€ylii}der  and  trunk  piston,  the  Otto  single  cycle  and  had  dupli- 
cated the  small  cylinders.  But  apart  from  conservatism  those 
three  points  helped  considerably  towards  the  solution  of  the 
chief  difficulties  which  were  met  with  in  larg^e  sfas  enmnes.  One 
of  the  chief  points  was  to  keep  the  charge  cool,  and  the  Otto 
cycle,  and  open  cylinder  and  the  small  cylinders  all  helped 
towards  that  end.  The  evil  effect  of  a  large  and  long  cylinder, 
the  difficulties  of  keeping  the  cylinder  tight,  cracking,  and  so 
■on,  were  shown  in  the  paper,  and  those  features  of  the  Korting 
■engine  which  were  its  weakest  features,  were  just  those  which 
were  avoided  by  sticking  to  the  small  and  open  cylinder  and 
the  Otto  cycle  type. 

The  author  said  that  he  had  made  some  experiments  with 
regard  to  the  different  methods  of  governing  large  engines.  He 
should  like  to  know  if  Mr.  Moore  had  had  any  experience  as  to 
the  relative  efficiencies  of  the  different  methods  of  governing. 
Experience  seemed  to  show  that  with  small  engines  the  hit-or- 
miss  governing  was  the  most  economical,  and  that  the  throttling 
of  the  gas  was  the  least  economical.  Of  course,  with  large 
engines  the  hit-or-miss  was  hardly  applicable.  He  should  like 
to  know  how  the  two  other  methotls  compared — whether  there 
was  so  much  difference  between  throttling  the  mixture  and 
throttling  the  gas,  as  there  was  in  the  small  engines.  Then 
would  the  author  say  what  compressions  were  used  for  his 
engines. 

With  regard  to  his  experiments  as  to  the  effect  of  increases 
in  the  calorific  value  of  the  Mond  gas  used,  could  the  author 
say  within  what  limits  the  constituents  of  the  gas  varied  ?  He 
knew  that  some  persons  were  rather  surprised  that  large  gas 
engines  could  be  run  satisfactorily  with  coke  oven  gas  because 
of  the  larger  proportion  of  hydrogen,  namely,  41 'S  per  cent. 
But  he  (Mr.  Valon)  would  point  out  that  in  Mond  gas,  although 
the  proportion  of  hydrogen  was  only  26*1^  per  cent,  of  tht*  total 
gas,  still,  if  they  took  away  the  nitrogen  and  dealt  with  the 
combustible  constituents  only,  they  would  find  that  the  propor- 
tion of  hydrogen  was  46  or  47  per  cent. 

He  was  very  much  interested  in  the  experience  with  Mond 
gas  because  that  gas  was,  he  ))elieved,  the  only  gas  Ijcsides  coal 
gas  which  was  suj)plied  iVom  central  stations.  There  were  many 
advantages  in  a  gas  siipi)lied  from  a  central  station,  i»ut  he  did 
not  think  that  it  could  be  made  a  commercial  success  to  supply 
any  gas  which  had  so  large  a  proportion  of  inert  matter  as  Mond 
gas  or  producer  gas.  Coal  gas  engineers  up  to  tlie  present, 
really  h;id  not  liad  a  chance.     They  liad  Ix'eii  handicapped  by 
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having  to  keep  a  high  illuminating  power  which,  now  that  the 
incandescent  mantle  was  in  vogue,  was  not  at  all  necessary. 
There  was  a  large  amount  of  research  going  on  in  the  gas  industry 
in  the  hope  that  Parliamentary  requirements  as  to  illumin- 
ating power  would,  in  a  comparatively  short  time,  be  abolished. 
They  hoped  that  with  improved  methods  of  carbonisation  they 
would  be  able  to  produce  a  modified  coal  gas  which,  while  still 
equally  useful  with  the  present  gas  for  lighting  purposes  with 
the  incandescent  burner,  could  still  be  sold  at  such  a  price  as 
would  enable  it  to  be  used  for  gas  engines  generally.  He 
thought  it  was  in  that  direction  that  they  must  look  for  the 
ideal  fuel  of  the  future,  if  it  was  to  be  distributed  from  central 
stations. 

Mr  B.  S.  Giles  thought  that  some  parts  of  the  paper  were 
apt  to  be  a  little  misleading  without  a  few  words  of  explanation. 
With  regard  to  the  conservatism  of  English  engineers,  he 
thought  that  Mr.  Moore's  remark  was  quite  just.  English 
engineers  had  had  the  experience  of  what  could  be  done  on  the 
Continent.  It  was  not  as  if  the  whole  subject  of  gas  engines 
was  an  altogether  new  one.  If  engineers  chose  to  put  aside  the 
experience  gained  on  the  Continent,  they  would  never  get  any 
experience  at  all.  This,  he  thought,  would  be  wrong  and  would 
not  conduce  to  the  greatest  progress.  Whilst  English  engineers 
were  debating  as  to  whether  they  ought  to  do  this  or  that,  and 
whether  they  ought  to  take  upon  themselves  the  responsibility 
of  putting  down  large  gas  engines,  the  more  enterprising  manu- 
facturers were  really  using  such  engines  and  making  money  by 
them.  Mr.  Moore  had  given  a  very  bad  account  of  the  Korting 
gas  engine,  and  although  he  mentioned  in  his  paper  that  the 
experience  referred  to  was  gained  eighteen  months  ago,  his 
statements  might  be  very  misleading.  Eeaders  of  the  paper 
might  not  be  aware  of  the  fact  that  improvements  during  the 
last  eighteen  months  had  been  very  considerable,  and  as  a  matter 
of  fact,  all  the  difficulties  which  Mr.  Moore  mentioned  had  been 
overcome.  As  regards  the  fault  of  sticking,  attributed  to  the 
bye-pass  governor  valves,  it  was  simply  a  matter  of  seeing  that 
the  gas  was  perfectly  clean.  It  was  not  a  fault  which  was 
inherent  to  that  type  of  valve  at  all. 

With  regard  to  the  power  which  Mr.  Moore  said  was 
required  for  working  the  charging  pump,  that  seemed  to  him 
(Mr.  Giles)  to  be  rather  extraordinary.  On  page  119  Mr.  Moore 
said,  "The  power  to  work  the  charging  pumps  varies  from 
12  to  15  per  cent,  of  that  indicated  in  the  working  cylinder." 
Well,  suppose  they  took  the  mean  of  those  two  figures  and  said 
13i  per  cent.,  tlien  Mr.  Moore  continued,  *'The  said  efficiency 
must  be  less  than  that  of  the  four-cycle  type.     The  combined 
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efficiency  of  a  Korting  engine  and  dynamo  was  not  usually 
more  than  from  70  per  cent,  to  75  per  cent."  Let  them  take 
the  mean  of  those  two  figures  and  say  72^  per  cent.  This 
meant  that  there  was  13 J  per  cent,  lost  on  the  charging  pump, 
and  14  per  cent,  lost  in  all  the  rest  of  the  engine  and  dynamo 
put  together.  He  thought  that  obviously  there  must  be  some- 
thing wrong  in  these  figures. 

With  regard  to  the  question  of  the  piston,  it  was  quite 
correct  that  in  the  last  eighteen  months  the  piston  had  been 
improved. 

The  statement  about  the  cracking  of  the  cylinder  head  was 
another  one  which  would  cause  misunderstanding.  There  was 
a  little  trouble  in  the  early  stages  of  the  cylinders,  but  there 
was  a  special  reason  for  that,  viz.  that  in  the  early  days  it  was 
necessary  to  obtain  some  of  the  castings  from  abroad,  and  some 
of  these  castings  were  too  soft. 

One  of  the  speakers  alluded  to  the  fact  that  during  the  last 
eighteen  months  a  Korting  engine  had  been  run  from  the  first 
thing  on  Monday  morning  to  the  last  thing  on  Saturday  night, 
and  that  it  had  been  examined  on  the  Sunday  and  started  again 
on  Monday  morning.  That,  he  thought,  was  a  very  good 
record. 

Mr.  Hal  Williams  said  tliat  the  author  commenced  with 
the  remark  that  most  of  tlie  literature  concerning  gas  engines 
was  ^\Titten  from  the  manufacturer's  point  of  view.  He  should 
like  to  know  from  what  point  of  view  the  author  had  written. 
He  should  say  that  the  paper  was  excellentl}^  calculated  to 
make  people  who  contemplated  putting  in  gas  engines  adopt 
the  advice  given  by  Punch  to  people  a])out  to  marry — "  Don't." 

He  did  not  think  the  author  did  justice,  either  to  the  Korting 
engine  or  to  other  large  engines,  and  he  was  inclined  to  think 
that  the  Korting  engine  was  not  quite  as  black  as  it  had  been 
painted. 

The  author  had  stated  that  in  his  o})inion  scavenging  was 
an  open  question.  His  (Mr.  Williams's)  own  experience  was 
that  Professor  Grover,  of  Leeds,  was  quite  correct  in  the  conten- 
tions that  he  laid  down  some  time  ago.  Those  were,  roughly, 
that  greater  pressures  could  be  obtained  wlien  a  proportion  of 
the  cylinder  was  occupied  by  residual  gases  instead  of  excess 
air;  that  an  explosive  mixture  could  be  olttained  wlien  58  per 
cent,  of  the  cylinder  area  was  occupied  by  the  spent  gases,  pro- 
vided that  the  volume  of  air  was  not  less  than  five  and  a  half 
times  the  volume  of  town  gas  present,  and  that  the  use  of 
exhaust  gases  instead  of  air  delayed  the  propagation  of  the 
flame  in  the  cylinder.  He  (Mr.  Williams)  had  found  in  his 
general  experience  that  the  use  of  spent  gases  in  the  cylinder 
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was  a  decided  advantage.  He  had  frequently  found  in  the  Otto 
cycle  engine — he  .spoke  of  an  engine  governed  on  the  hit-or-miss 
principle — that  when  the  engines  had  been  firing  up  to  the 
maximum  capacity,  the  mean  effective  pressures  obtained  from 
the  charges  were  every  bit  as  good  as,  if  not  better  than,  the 
mean  effective  pressure  of  a  power  stroke  following  an  idle 
stroke.  That  could  often  be  plainly  seen  from  a  Mathot 
continuous  record. 

Some  of  the  speakers  had  said  that  it  would  be  an  advan- 
tage, if  the  horizontal  engine  were  replaced  by  the  vertical  one. 
There  was  no  doubt  that  from  the  point  of  view  of  space  and 
cost  it  would  be  a  great  advantage ;  but  if  an  engine  were  built 
vertically  in  order  to  get  over  the  trouble  as  to  space  and  cylinder 
wear,  a  great  many  other  difficulties  would  be  introduced  which 
liad  not  yet  been  successfully  overcome.  The  vertical  engine  had 
complaints  which  were  entirely  distinct  from  those  of  the 
horizontal  engine,  and  so  far  as  his  experience  went,  they  had 
prevented  its  being  in  any  way  a  reliable  or  successful  engine. 
There  were,  of  course,  instances  in  which  vertical  engines  worked 
extremely  well — on  a  test  bed  or  for  a  few  months — but  an 
engine  of  any  sort  was  of  no  good  to  anyone  who  wanted  power, 
unless  it  were  capable  of  working  successfully  without  undue 
wear  and  tear  month  in  and  month  out.  That,  in  his  opinion, 
was  what  the  vertical  engine  at  the  present  time  could  not  do. 

The  wear  of  the  cylinder  w^as  extremely  interesting,  because 
they  were  told  that  the  wear  took  place  when  the  piston  was 
shod  with  white  metal — if  it  really  was  white  metal — which  he 
doubted.  One  was  inclined  to  ask,  what  would  have  happened 
if  the  piston  had  been  arranged  in  the  ordinary  way. 

The  points  which  lay  round  the  question  of  the  magnetos 
were  also  extremely  interesting.  Korting,  he  believed,  was  the 
first  maker  of  large  engines  to  use  two  magnetos.  He  thought 
it  was  now  pretty  well  accepted  that  the  sparking  plug  was 
better  near  the  piston  than  at  the  end  of  the  breech.  If  it  was 
put  at  the  end,  there  was  apt  to  be  moisture  deposited  on  the 
contacts  from  the  compressed  air  or  entering  gas.  If  it  was  put 
further  towards  the  piston,  there  would  be  a  much  more  rapid 
propagation  of  flame,  and  there  would  not  be  the  lingering  fire, 
with  no  pressure  and  pre-ignition.  The  solution  of  the  question 
which  the  author  appeared  to  find  puzzling  seemed  to  be  that 
the  magneto  nearest  the  ptiston  would  most  effectively  fire  the 
charge,  and  it  would,  therefore,  easily  account  for  the  phenomena 
which  he  noticed. 

He  agreed  with  Professor  Capper  on  the  question  of  waste 
heat.  If  the  heat  was  not  wanted,  it  was  much  better  that  it 
should  go  into  the  atmosphere  than  that  a  quantity  of  expensive 
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apparatus  should  be  applied  iu  order  to  save  it.  The  author 
suggested  that  the  steam  generated  from  the  exhaust  of  the 
engine  should  be  used  to  supply  producers,  and  that,  therefore, 
no  boiler  would  be  required.  He  presumed  that  he  meant  to 
start  in  the  first  instance  by  using  a  small  vertical  boiler,  which 
would  be  thrown  out  of  use  as  soon  as  the  exhaust  boiler  got  to 
work.  Obviously,  .the  producers  must  start  somehow.  His 
experience  in  connection  with  horizontal  engines  was  that  the 
best  arrangement  was  a  combination  boiler,  which  could  be 
stoked  with  coal,  and  which  could  be  heated  by  exhaust  gases  at 
the  same  time.  If  there  was  a  furnace  in  the  boiler,  the  stoker 
would  be  able  to  keep  the  steam  head  constant,  irrespective  of 
the  load  on  the  engine. 

The  Mond  gas  trouble  appeared  to  be  rather  a  characteristic 
of  that  gas.  It  seemed  to  be  a  fact  that  they  got  a  much  cleaner 
gas,  and  one  nmch  freer  from  tar,  if  the  tar  was  condensed  before 
the  gas  was  brought  into  contact  with  water.  That,  of  course, 
was  done  in  Wilson's  plant ;  and  although  they  got  considerable 
quantities  of  tar  they  did  not  have  the  same  trouble,  and  did  not 
require  such  large  scrubbers,  or  so  much  water  as  they  did  with 
gas  plant ;  the  cleaning  apparatus  of  which  consisted  almost 
entirely  of  water  scrubbers. 

As  he  had  previously  said,  he  did  not  think  they  ought  to 
allow  the  public  to  think  that  with  every  gas  engine  put  down 
they  had  to  expect,  as  a  matter  of  course,  back  fires,  broken 
piston  rings  and  the  other  evils  referred  to.  He  did  not  think 
that  was  right,  because  he  and  others  had  had  ample  experience 
of  gas  engines  which  were  working  perfectly  satisfactorily.  His 
own  idea  of  the  nuitter  was  that  at  the  present  time  the  two- 
cycle  engine  was  not  what  might  be  considered  a  reliable  com- 
mercial engine.  The  single  acting  Otto  engine  a])proached 
much  more  nearly  to  that  definition.  He  had  installed  many 
single  acting  Otto  cycle  engines,  and  though  he  did  not  approve 
of  liit-or-miss  governing,  they  worked  quite  satisfactorily  with 
a  load  which  was  fairly  constant,  and  which  did  not  re([uire  a 
particularly  tine  cyclical  variation. 

There  would  be  no  difficulty  at  all  in  putting  down  instal- 
lations of  gas  engines  of  any  size,  but,  to  his  mind,  the  cylin<lers 
should  be  small,  and  power  should  be  got  by  multiplying  their 
number.  There  is  no  reason  at  all  why  they  should  not  have 
400  horse-power  gas  engines  with  four  cylinders  of  100  horse- 
power, or  three  of  130  horse-power.  That  would  be  an  extremely 
satisfactory  commercial  engine. 

Mr.  R.  A.  Hell  welcomed  the  paper  for  two  reasons.  In 
the  first  place  it  justified  the  opinion  wliich  he  had  held  for  a 
long  time.     The  late  Sir  Frederick  Bramwell  prophesied  that 
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when  the  last  steam  engine  was  sent  to  South  Kensington 
Museum  the  two-cycle  gas  engine  would  be  there  with  it.  The 
other  reason  was  that  it  justified  him  in  the  opinion  that  the 
vertical  gas  engine  had  certainly  a  great  many  points  of  advan- 
tage over  the  horizontal  type. 

The  question  of  the  wear  on  the  bottom  of  the  cylinder  was 
very  well  met  in  the  vertical  engine,  probably  better  than  it 
•could  be  in  a  horizontal  engine ;  and  that  was  by  putting  the 
centre  line  of  the  cylinders  on  one  side  of  the  centre  line  of  the 
cranks  to  get  over  the  extreme  obliquity  of  the  connecting  rods. 
That  would  be  awkward  in  the  horizontal  engine,  and  quite 
impossible  in  a  double  acting  engine. 

As  to  Mr.  Williams's  remarks  with  regard  to  vertical  engines 
running  with  a  continuous  burden,  he  might  say  that  he  was 
connected  with  the  manufacture  of  vertical  engines,  and  he  was 
glad  to  be  able  to  report  that  they  were  able  to  do  everything 
the  Korting  engine  could  do.  In  his  experience  the  engine  was 
started  on  Monday  morning,  and  it  ran  until  10  o'clock  on 
-Saturday  night,  and  that  had  been  done  for  two  and  a  half  years, 
which,  he  thought,  was  really  a  proof  that  the  vertical  engine 
was  quite  capable  of  looking  after  itself. 

Mr.  E.  G.  Beaumont  wished  to  ask  two  questions  relating 
to  the  remarks  of  earlier  speakers.  Mr.  Tookey,  in  describing 
the  performance  of  a  large  Korting  gas  engine,  stated  generally 
its  performance  and  the  small  amount  of  trouble  that  it  gave, 
but  he  did  not  give  any  particulars  about  the  gas  consumption, 
a  matter  of  considerable  importance  in  connection  with  the  type 
of  engine  to  which  the  author  referred  in  his  paper.  Mr.  Hal 
Williams  referred  to  the  question  of  governing.  He  should  like 
to  know  through  what  range  of  load  they  were  able  to  get  the 
nicety  of  governing  of  which  he  spoke,  because  it  would  seem 
that  the  range  would  be  limited ;  or  more  limited  than  when 
the  combination  of  throttling  and  hit-or-miss  governing  was 
used. 

He  should  like  to  ask  whether  the  large  amount  of  cylinder 
wear  shown  by  the  figures  given  in  the  paper  in  connection  with 
one  of  the  engines  described,  was  greater  in  the  track  of  the 
piston  bearing  piece,  that  is  whether  there  were  any  direct  signs 
that  it  was  wear  due  to  the  travel  and  weight  or  efforts  on  the 
piston,  or  whether  it  was  due  to  other  causes. 

Mr.  L.  F.  DE  Peyrecave  said  that  Professor  Capper  in 
speaking  of  sizes  had  compared  gas  engines  with  steam  engines. 
He  thought  that  the  Professor  had  neglected  the  boilers  of  the 
steam  engines  which,  of  course,  took  up  a  very  considerable 
amount  of  room.  When  the  two  were  taken  together,  the  gas 
engine  compared  very  favourably  with  the  steam  engine.     He 
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also  referred  to  the  leakage  past  the  piston  and  tried  to  account 
for  the  loss  of  gas  in  the  two-cycle  engine  on  this  head.  In 
point  op  fact,  the  leakage  was  proportionally  less  with  a  large 
cylinder  than  with  a  small  cylinder.  It  could  not  account  for 
as  much  as  20  per  cent. 

Professor  Capper  also  referred  to  the  speed  of  the  gas  engine, 
and  said  that  it  should  be  increased.  Of  course,  this  was 
limited  by  the  piston  speed.  They  could  obtain  ouly  a  certain 
piston  speed.  The  rate  of  propagation  of  the  gas  flame  was  also 
limited. 

There  were  some  very  interesting  features  with  regard  to 
the  point  of  ignition.  Mr.  Williams  remarked  that  the  later  the 
ignition,  the  lower  the  initial  pressure,  and  the  greater  mean 
effective  pressure.  This  he  had  often  noticed,  but  at  tlie  same 
time  he  thought  that  it  was  due  to  indicator  error  and  not 
to  increased  power.  He  had  tested  it  several  times,  and  invari- 
ably a  greater  power  had  been  obtained  with  a  nearly  vertical 
explosion  line  and  consequent  high  initial  pressure,  and  he 
thought  that  most  people  could  confirm  the  fact.  The  indicator, 
when  the  change  of  motion  of  the  pencil  is  very  slow,  will  give 
a  greater  effect  due  to  friction  tlian  when  the  motion  was  faster. 
With  a  sharp  explosion  there  was  a  very  sudden  drop,  and 
the  indicator  pencil  followed  the  line  very  closely  providin^^  the 
speed  was  not  excessive.  When  they  had  a  lower  explosion, 
tlie  pencil  dropped  comi)aratively  slowly  and  had  a  tendency  to 
lag.  It  kept  the  highest  line,  and  tlu;re  was  consequently 
a  greater  mean  effective  pressure. 

The  following  communication  from  Mr.  1!.  F.  Thorp,  M.  Inst. 
C.E.,  was  read  by  the  Secretary. 

The  author  seems  to  have  experienced  very  serious  troubles 
both  in  wear  and  tear  of  the  w^orking  parts  of  the  engines  on 
which  his  trials  were  made,  such  as  cracked  pistons  and  cylinders 
and  also  in  regard  to  pre-ignition.  These  troubles  may  be 
sometimes  due  to  the  bad  design  of  engine  details  and  the  use 
of  unsuitable  materials,  but  I  think  it  is  only  fair  to  the  many 
English  and  Continental  gas  engine  makers  to  say  that  these 
faults  are  the  exception  and  not  tlie  rule. 

In  tlie  cases  referred  to  in  the  paper,  if  we  first  study  the 
analysis  of  the  gas  used,  I  think  it  will  not  be  necessary  to  seek 
elsewhere  for  the  cause  of  the  troubles.  In  the  gas  used  there 
was  26 "6  per  cent,  of  hydrogen  present  and  this  is  quite  suffi- 
cient in  my  opinion  to  account  for  all  the  troubles  experienced. 

As  is  well  known,  hydrogen  produces  a  very  violent  expl(»- 
sion  when  ignited,  and  to  realise  the  efl'ect  that  a  gas  containing 
a  large  percentage  of  this  ingredient  will  j)r()(luce,  we  may  consider 
the  conditions  that  obtain  in  another  branch  of  our  profession. 

L 
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This  comparison  I  feel  sure  Mr.  Perry  F.  Nursey  (who  is  an 
expert  in  this  branch)  will  appreciate,  namely,  the  use  of  explo- 
sives for  the  removal  or  destruction  of  rocks,  etc.  It  is  well 
known  to  all  engineers  who  have  had  experience  in  this  class  of 
work  that  different  classes  of  ex]:>losives  cause  different  effects, 
and  are  each  best  suited  to  effect  the  special  results  required  in 
any  particular  case.  For  instance,  if  we  wish  to  shatter  a  hard 
piece  of  rock,  dynamite  will  do  what  we  require,  but  if  we 
require  rock  for  building  purposes  and  therefore  merely  wish  to 
split  it  up  without  shattering  it,  then  undoubtedly  a  slow 
burning  powder  will  give  the  best  results. 

Now  in  the  case  of  the  gas  engine  we  do  not  desire  to  drive 
the  piston  from  one  end  of  the  cylinder  to  the  other  with 
sledge  hammer  blows  with  the  consequent  shattering  effect, 
we  merely  wish  to  push  it  as  steadily  as  possible  from  one  end 
to  the  other,  and  to  effect  this  object  a  comparatively  slow 
Inirning  explosive  is  the  one  best  suited  for  our  purpose.  It  is 
there;fore  evident  that  a  gas  low  in  hydrogen  (say  2  per  cent,  to 
G  per  cent.)  and  having  a  calorific  value  of  110  to  120  B.T.U. 
will  be  the  very  best  that  we  can  use.  l>y  the  use  of  a  power- 
gas  of  this  description,  the  troubles,  of  breakages  in  the  working 
parts  of  the  engine  and  of  pre-ignition  experienced  by  the  author 
of  the  paper,  can  be  satisfactorily  eliminated,  provided  the  engine 
used  is  designed  and  made  by  one  of  the  many  excellent  makers 
of  modern  gas  engines. 

The  great  troubles  due  to  the  use  of  power-gas  high  in 
hydrogen  are  very  much  more  marked  in  the  case  of  engines  of 
large  capacity,  nevertheless  they  do  exist,  but  to  a  smaller 
extent,  in  the  case  of  the  smaller  engines.  In  all  cases  tlie  gas 
must  ]je  thoroughly  well  cleaned  and  cooled,  and  this  does  not 
seem  to  have  been  done  in  the  cases  referred  to  in  the  paper. 

As  is  well  known  by  the  best  authorities  on  the  subject,  all 
the  most  successful  large  engines  (to  the  extent  of  thousands  of 
liorse-power)  are  working  with  gas,  the  com])osition  of  wliich  is 
low  in  hydrogen  and  high  in  carbonic  oxide. 

The  following  communication  from  Mr.  William  Schonheyder 
was  read  by  the  Secretary  : — 

I  have  read  with  interest  Mr.  C.  St.  George  Moore's  jiaj^er 
on  large  gas  engines,  especially  those  sections  which  relate  to 
the  wear  of  cylinders  and  the  cambering  of  piston  rods.  It  will 
))e  remembered  by  some  of  the  Members  that  in  1878  I  read  a 
])a})er  before  the  Society  on  "Equalising  the  Wear  in  Horizontal 
Steam  Cylinders."  That  paper,  which  will  be  found  in  the 
Society's  Transactions  for  the  above  year,  contains  the  following 
descri]>tion  of  my  method  of  dealing  with  the  cambering 
question  : — 
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"  The  method  which  the  author  adopts  for  carrying  the 
piston  is  to  prolong  the  rod  through  the  back  cover,  as  has  been 
done  before,  and  to  give  it  a  camber  of  tlie  desired  form  and 
extent  in  the  following  manner :  The  deflection  of  the  finished 
piston-rod  when  supported  at  eacli  end,  and  when  weiglited  at 
the  centre  with  the  piston,  having  been  first  calculated,  the 
piston-rod  is  given  approximately,  while  in  the  black  state,  a 
curve  or  caml)er  of  this  amount.  It  is  next  placed  in  the  lathe 
between  centres,  a  bearing  is  bolted  to  or  formed  at  the  centre 
of  it,  and  the  bearing  is  next  sprung  down  into  a  plummer  Idock 
on  tlie  lathe  bed,  and  which  has  been  placed  central  with  the 
extreme  lathe  centres.  The  turning  is  now  proceeded  with  in 
the  usual  manner,  but  by  preference  with  two  tools  travelling 
in  opposite  directions.  After  having  finished  the  rod  and 
removed  it  from  the  lathe,  it  will  be  readily  seen  that  it  will 
have  just  the  correct  form  of  caml)er,  so  that  when  weighted 
with  the  piston  and  placed  in  the  cylinder  it  will  assume  a 
straight  line,  and  w411  not  throw  any  load  either  on  the  glands 
or  the  cylinder. 

"  To  facilitate  the  manufacture,  the  author  has  designed  a 
special  collar  for  forming  the  central  bearing  ;  and  when  very 
large  rods  are  recpiired  to  be  made  with  the  camber,  the  author 
employs  a  specially  designed  lathe  in  which  the  rod  is  stationary 
and  the  tools  revolve  outside  the  rod,  at  the  same  time  that  they 
receive  a  motion  longitudinally  to  the  rod.  l>y  this  arrange- 
ment the  varying  side  strains  on  the  lathe  bed,  which  necessarily 
exist  if  the  rod  revolves,  are  entirely  eliminated." 

1  may  add  (I)  that  it  is  not  impossible  to  turn  the  rod  to 
the  exact  curve  required,  (2)  that  it  is  simpler  to  revolve  the 
rod  in  the  usual  way,  provided  the  lathe  is  strong  enough,  and 
(.'^)  that  it  matters  very  little  if  in  making  the  rod  it  is  a  trifle 
more  or  less  deflected  than  it  shouhl  strictly  be. 

At  the  time  of  reading  my  i)aper  I  found  great  difliculty  in 
getting  people  to  thoroughly  understand  the  subject.  My 
invention,  however,  w^as  successfully  and  i)rofitably  worked  in 
Germany. 

The  author,  in  replying,  said  that  Professor  Capper  had 
expressed  a  wish  to  know  what  was  the  largest  gas-engine  yet 
built.  So  far  as  the  author  was  aware,  the  largest  engine  yet 
constructed,  was  one  of  4000  H.r.  of  the  Niirnl)erg  type,  built  by 
Messrs.  Ilaniel  and  Lueg.  This  engine  has  four  double-acting 
cylinders  working  on  the  fom'-stroke  cycle. 

With  regard  to  the  leakage  of  gas  into  the  exhaust,  it  was 
not  very  likely  that  this  was  in  any  great  part  due  to  leakage 
past  the  piston  rings,  as  the  amount  lost  did  not  seem  to  vary 
much  with  the  condition  of  the  rings.      A  heavy  leakage  past 
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tlie  rings  would  certainly  tend  to  upset  the  stratification  of  the 
gas  during  the  compression  stroke,  but  at  this  stage  in  the  cycle 
the  stratification  was  not  of  very  great  importance  so  far  as  the 
Korting  cycle  was  concerned. 

The  white  metal  used  for  taking  up  the  wear  of  the 
piston,  was  of  the  ordinary  kind  used  for  bearings,  and  no 
trouble  was  experienced  in  keeping  it  cool,  unless  all  the  piston 
rings  were  broken.  Except  in  this  case,  this  part  of  the  piston 
is  well  away  from  the  flame,  and  consequently  keeps  quite  cool. 
Concerning  the  wear  of  cylinders,  it  was  well  known  that  a 
large  amount  of  temporary  distortion  took  place  while  the  engine 
was  running,  but  how  much  of  this  distortion  was  likely  to 
remain  after  the  cylinder  had  cooled,  was  a  matter  open  to  dis- 
cussion. If  this  permanent  distortion  did  exist,  it  would  be  in 
the  direction  indicated  by  the  figures  given  in  the  paper. 

Professor  Capper  asked  whether  a  fluid  packing  under 
pressure  would  be  possible  for  gas-engines.  The  author  con- 
sidered that  the  principal  difficulties  would  be,  firstly,  the  high 
pressure— nothing  less  than  400  lb.  would  be  of  any  use — and 
also  the  fact  that  a  double  metallic  packing  would  be  necessary, 
one  on  each  side  of  the  steam  space.  No  steam  could  be  allowed 
to  enter  the  cylinder  before  starting  the  engine,  or  it  would  be 
impossible  to  get  an  explosion. 

Mr.  Pollard  Digby  had  referred  to  the  effect  of  gas  leakage 
on  the  electrical  generating  machinery.  The  author  had  found 
that  the  products  of  combustion  of  Mond  gas  had  a  very  rapid 
oxidising  effect  on  any  exposed  copper,  or  other  metal  containing 
copper,  such  as  brass  or  gunmetal.  This  action  was  evidently 
due  to  the  very  small  percentage  of  sulphuretted  hydrogen 
always  present  in  the  gas,  which  became  sulphur  dioxide  after 
comljustion.  The  author  had  found  that  if  there  were  any  con- 
siderable leakage  of  burnt  gas  into  the  engine  room,  all  exposed 
copper  or  brass  turned  blue  in  the  course  of  a  few  hours,  and  any 
brass  or  gunmetal  used  for  packing  or  other  purposes  where  it 
was  brought  into  direct  contact  with  the  burning  gas,  was  very 
rapidly  corroded  away.  With  regard  to  the  electrical  machinery 
no  trouble  had  been  experienced  after  three  years'  work,  the 
insulation  being  presumaldy  sufficient  protection.  The  commu- 
tators were  of  course  cleaned  frequently,  which  was  quite  suffi- 
cient to  prevent  any  serious  corrosive  action  from  taking  place. 
The  unburnt  gas  had  no  corrosive  effect. 

Mr.  Took(3y  had  referred  to  the  effect  of  the  position  of  the 
igniter  on  the  running  of  the  engine.  The  author  thought  this 
could  be  judged  only  when  the  engine  was  driving  a  dynamo,  as 
then  the  power  could  be  directly  read  olf  on  the  ammeter,  whereas 
if  the  engine  were  driving  machinery,  tlie  only  effect  noticeable 
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would  be  a  slight  alteration  in  the  speed,  whicli  would  not  be  so 
easy  to  detect. 

The  same  speaker  also  asked  why  it  was  necessary  that  pre- 
ignitions  should  occur  at  all.  To  find  out  the  cause  of  pre-igni- 
tions  was  one  of  the  most  puzzling  problems  that  those  in  charge 
of  large  gas-engines  had  to  deal  with,  and  the  author  doubted 
whether  anyone  who  had  been  in  that  position  would  attempt  to 
answer  the  question. 

Mr.  Valon  had  objected  to  gas  engines  on  the  score  of  in- 
creased supervision  being  necessary.  Tlie  author  liad  found 
that  except  in  very  large  sizes,  gas  engines  ran  with  as  little 
attention  as  steam  engines,  if  most  of  the  oiling  was  done  auto- 
matically. 

With  regard  to  governing,  the  author  had  made  no  experi- 
ments to  ascertain  the  relative  economy  of  the  different  methods, 
but  he  tliought  it  was  generally  conceded  that  the  hit-or-miss 
method  was  the  most  economical.  For  large  engines  with  com- 
paratively small  cylinders,  if  a  very  regular  turning  moment  was 
not  required,  he  l)elieved  this  method  would  be  found  quite 
satisfactory  and  reliable,  a  separate  governor  being  provided  for 
each  cylinder.  If  the  engine  had  six  cylinders  the  irregularity 
would  not  be  very  great,  as  only  one  cylinder  would  cut  out  at 
a  time.  The  author  had  found  the  hit-or-miss  method  quite 
satisfactory  for  direct  current  work  on  200  H.P.  engines  with 
two  cylinders.  If  the  engine  were  governed  by  throttling  the 
gas  alone,  he  considered  that  the  best  economy  could  be  obtained 
by  advancing  the  spark  as  the  mixture  became  weaker,  and  if 
this  were  done  he  thoui^ht  there  would  be  not  much  difference 
in  economy  between  this  method  and  throttling  the  mixture. 

The  compression  used  in  the  large  engines  mentioned  by  the 
author  w;is  140  lb.  per  S([uare  inch.  He  considered  this  rather 
on  the  high  side  for  use  with  producer  gas.  In  the  200  H.P. 
engines  mentioned  above,  the  compression  was  only  about  80  lb. 
Pre-ignition  in  these  engines  was  practically  unknown,  and  the 
reason  for  this  low  compression  was  evidently  to  avoid  having 
to  use  water  t<j  keep  the  piston  cool.  The  hydrogen  in  the 
gas  used  varied  in  ordinary  working  from  25  to  28  per  cent., 
and  the  marsh  gas  I'roni  2  to  3^  per  cent. 

Mr.  (liles  had  em})hasized  the  fact  that  the  Korting  engines 
referred  to  in  the  paper  were  eighteen  months  ohl,  and  that 
since  then  many  modificjitions  had  been  introduced.  This  was 
certainly  the  case,  but  at  the  same  time  it  must  be  remembered 
that  tliere  ha<l  not  been  time  for  much  working  experience  with 
engines  of  much  more  recent  date  than  these.  Messrs.  Matlier 
and  Piatt  had  so  revolutionised  the  design  of  this  engine  that  it 
could  not  be  compared  with  tlie  Korting  engine  as  designed  and 
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built  on  the  Continent,  and  the  author  believed  that  their  newer 
engines,  in  which  the  size  of  the  cylinders  had  been  kept  down, 
had  attained  very  much  better  success  in  this  country  than  the 
Continental  type.  Mr.  Giles  had  also  remarked  that  no  trouble 
would  be  experienced  by  the  valves  sticking  if  the  gas  were  kept 
perfectly  clean  ;  this  was  no  doubt  true,  but  in  the  case  of  Mond 
gas,  as  the  author  had  tried  to  point  out  in  the  paper,  it  was  a 
matter  of  very  great  difficulty  to  get  it  thoroughly  clean. 

In  reply  to  Mr.  Beaumont,  the  author  considered  that  the 
wear  of  the  cylinders  was  due  to  a  very  large  extent  to  the  fric- 
tion of  the  piston  rings,  in  view  of  the  fact  that  the  wear  at  the 
bottom  of  the  cylinder  was  not  very  much  greater  than  at  tlie 
sides  and  top.  It  was  possible  that  the  rings  in  the  engines  in 
question  may  have  had  too  much  spring. 
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VACATION   VISITS. 

Owing  to  the  death  of  the  late  Secretary,  Mr.  Perry  F.  Nursey, 
only  two  visits  were  made  during  the  vacation  of  1907.  Brief 
notices  of  these  appear  below. 


Honor  Oak  Eeservoirs. 

A  visit  was  made  by  the  members  of  the  Society  of  Engineers, 
on  Wednesday,  June  19,  1907,  to  the  new  reservoirs  of  the 
Metropolitan  Water  Board,  in  course  of  construction  at  Honor 
Oak,  and  of  which  the  following  is  a  description  : — 

These  reservoirs  will  contain  nearly  sixty  million  gallons  of 
water,  and  will  probably  be  the  largest  covered  reservoirs  in 
the  world.  They  are  being  constructed  near  Homestall  Koad, 
Honor  Oak,  Camberwell.  The  construction  generally  is  of 
l)rickwork  and  concrete,  with  division  walls  separating  the 
reservoir  into  four  divisions.  The  longitudinal  centre  wall 
runs  approximately  north  and  south,  so  for  the  purpose  of 
reference  the  reservoirs  will  be  known  as  the  north-east,  north- 
west, south-east  and  south-west. 

The  outside  walls  of  those  portions  of  the  south-east  and 
south-west  reservoirs  which  are  below  or  level  with  the  natural 
ground  represent  in  plan  a  series  of  flat  arches  so  as  to  resist 
earth  pressure.  The  north-east  and  north-west  reservoirs  have 
concrete  retaining  walls,  faced  with  brickwork.  The  centre 
dividing  walls  are  also  arched  in  plan,  and  are  })ractically  (loul)lc 
walls  filled  in  between  with  concrete,  the  thickness  varying 
from  ()  feet  in  the  centre  of  each  bay  to  10  feet  at  each  buttress. 

Around  all  the  outer  walls  and  the  division  walls  buttresses 
in  brickwork  project  into  the  reservoirs.  These  buttresses  are 
carried  up  solid  to  the  drums  on  the  roof  covering,  and  in  them- 
selves form  sul)stantial  counterforts  to  the  walls.  The  floor  of 
the  reservoir  is  of  concrete,  and  its  surface  will  be  formed  with 
curved  inverts  gnnned  so  as  to  form  l)ases  from  which  the  brick 
piers  carrying  the  roof  will  rise.  This  inverted  floor  will  be 
finished  with  J  inch  of  cement  rendering  to  a  smooth  ])olished 
face  with  a  drain  down  the  middle  of  the  invert,  draining  all  the 
water  into  the  collecting  channel. 
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From  each  base  a  brick  pier  is  built,  which  is  continued  up 
14  feet,  where  jack  arches  are  turned,  connecting  each  pier  north 
and  south.  From  the  top  of  the  wall  thus  formed,  the  drums 
or  covering  arches  spring.  The  drums  form  a  series  of  tunnels 
running  north  and  south.  The  haunches  of  the  arches  are  filled 
with  concrete,  on  the  top  of  which  clay  puddle  will  be  placed, 
followed  with  earth  and,  finally,  soil.  A  drain  with  open  joints 
is  laid  on  the  surface  of  the  puddle  for  the  purpose  of  draining 
the  top  of  the  reservoir.  A  puddle  wall  3  feet  in  thickness 
extends  all  round  the  outer  walls,  and  is  keyed  into  the  clay, 
thus  making  the  work  watertight. 

At  the  centre  of  the  four  reservoirs  where  the  division  walls 
intersect  will  be  the  central  well,  from  which  the  charging  and 
emptying  will  be  directed.  All  the  opening  valves — 42  inches, 
36  inches,  and  30  inches — will  be  arranged  round  the  well,  and 
worked  by  means  of  headstocks  from  a  gallery  running  round 
the  well.  By  means  of  special  connections,  it  will  be  possible 
to  work  each  or  every  reservoir  at  the  same  time,  without  inter- 
fering with  the  others.  Above  the  central  valve  well  will  be  a 
valve  house,  in  which  the  electrical  recording  indicators  will  be 
arranged.  When  the  works  are  completed,  the  tops  of  the 
reservoirs  and  the  slopes  will  be  soiled  and  sown  with  grass 
seeds. 

The  bricks  used  in  the  construction  of  the  reservoirs  have 
all  been  manufactured  by  the  South wark  and  Vauxhall  Water 
Company,  and  later  by  the  Metropolitan  Water  Board,  from  the 
excavation.  Not  only  has  the  material  been  utilised  in  the 
making  of  the  bricks,  but  the  ground  has  been  excavated  on  the 
site  of  the  reservoir,  thus  reducing  the  quantity  of  earth  to  be 
liandled  by  the  contractoi'.  It  will  be  seen  that  the  works 
involve  the  use  of  a  large  amount  of  concrete,  in  the  production 
of  which  four  of  Taylor's  one-yard  concrete  mixers  are  engaged. 
In  tliese  mixers  each  charge  of  material  is  measured  and  mixed 
separately,  and  each  of  the  machines  employed  will  mix  24  cubic 
yards  of  concrete  per  hour. 

The  whole  of  the  works  were  designed  by  Mr.  J.  W.  Eestler, 
M.  Inst.  C.E.,  and  are  Ijeing  carried  out  under  his  direction  and 
supervision  by  J.  Moran  and  Son,  Ltd.,  as  contractors,  The 
estimated  cost  of  the  works,  including  pipes  and  valves,  but 
exclusive  of  land,  is,  approximately,  170,000/. 


H.M.  L>ocKYAi{D,  Chatham. 

By  kind  permission  of  the  Admiral  Superintendent,  Vice- 
Admiral   G.  A.   Oifiard,   C.M.G.,   members    of   the    Society   of 
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Engineers  paid  a  visit  to  H.M.  Dockyard,  Chatham,  on  Wednes- 
day, 25th  September. 

Assembling  at  the  Pembroke  Gate,  the  party  divided  into 
two,  half  going  to  the  Central  Power  Station  and  Electrical 
Engineer's  Department,  and  the  remainder  to  the  Constructive 
Engineering  and  other  Departments. 

The  Dockyard  dates  from  the  time  of  P21izabeth  ;  it  was 
enlarged  by  Charles  I.,  and  after  an  attack  by  the  Dutch  Fleet 
under  Van  Kuyter  in  1667,  was  improved  by  Charles  II.  Large 
extensions  have  been  made  from  time  to  time,  notably  in  period 
1867-71,  when  new  works  at  a  cost  of  nearly  IJ  million  were 
carried  out,  and  it  is  now  one  of  the  finest  shipyards  in  this 
country. 

The  more  modern  parts  consist  of  iive  docks  and  three  large 
basins,  connected  by  caissons.  The  walls  of  the  basins  are  all 
21  feet  thick  at  base  and  about  40  feet  high.  One  basin,  nearest 
the  Medway,  lias  a  mean  length  of  1270  feet,  a  width  of  700  feet, 
and  an  area  of  21  acres.  This  is  mainly  used  for  the  recei)tion 
of  newly  launched  ships  or  those  under  repair  after  return  from 
commission. 

This  basin  is  connected  at  its  eastern  end  with  another  of 
the  following  dimensions :  length  1245  feet,  width  700  feet,  and 
an  area  of  20  acres.  The  third  basin  is  of  irregular  shape  and 
has  an  area  of  some  28  acres. 

A  crane  capable  of  lifting  160  tons,  and  sheer  legs  having  a 
lifting  capacity  of  130  tons,  and  a  number  of  smaller  sheer  legs 
and  cranes  with  lifting  capacity  varying  from  10  tons  to  75  tons, 
are  arranged  around  these  basins. 

The  five  docks  vary  from  457  feet  to  656  feet  in  length. 

Tlie  concrete  for  the  construction  of  these  docks  and  basins 
was  composed  of  1  of  Portland  cement  to  12  of  gravel  dredged 
in  the  neighbourhood.  The  price  of  this  gravel,  which  contains 
a  good  deal  of  loam,  was  6d.  per  cubic  yard. 

In  the  Department  of  the  Captain  of  the  Dockyard  several 
machines  were  viewed  by  the  members  of  the  Society,  including, 
in  the  Sail  Loft,  a  patent  cutting  machine  adapted  to  cut  wire 
rope,  and  a  patent  sewing  machine,  a  band  saw  for  cutting  out 
canvas  and  fearnought  dresses,  and  a  machine  for  cutting  the 
heads  of  flags. 

In  the  Constructive  Manager's  Department,  tlie  largest  of 
the  three  Smitheries  contains  over  fifty  forges,  and  the  several 
Machine  Shops  in  this  Dei)artment  are  well  e(iuipped  with  tlie 
necessary  machines  and  appliances  for  constructing  ships  cheaply 
and  expeditiously,  as  well  as  many  specially  devised  machines, 
among  which  may  be  mentioned  those  for  file  testing  and 
engraving,  while  on  II. M.S.  "  Shannon,"  which  is  now  in  course 
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of  construction,  pneumatic  riveting,  chipping  and  caulking  tools 
were  seen  in  use. 

Quite  a  number  of  interesting  items  were  seen  in  the 
Engineering  Manager's  Department,  including  Boby's  patent 
feed-water  heater  and  softener,  a  CO2  recorder,  draught  gauge, 
a  cylinder  and  other  grinding  machines ;  a  number  of  new 
automatic  machines  of  various  descriptions  to  supersede  those 
previously  used,  the  Wadkin  wood-worker,  a  sand-papering 
machine,  also  a  machine  for  separating  brass  from  iron  borings 
and  brass  from  foundry  ashes,  a  pneumatic  moulding  machine, 
oil  metal-melting  furnaces,  an  hydraulic  tube-staving  machine, 
and  a  compressed-air  hammer. 

The  members  examined  several  appliances  in  the  Electrical 
Engineer's  Department,  and  saw  specimens  of  electrical  heating 
and  annealing,  the  application  of  the  electric  motor  to  driving, 
electro-plating,  the  photometer  and  the  means  of  locating  faults 
in  armatures.  After  viewing  the  Central  Power  Station,  the 
party  returned  by  the  5.15  train  from  Chatham. 
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Odohcr  7,  VJ07. 
JOSEPH    WILLIAM    WILSON,  Vkje-Pkksidknt, 

IN    THK    ChAIIJ. 


The  Chairman  (Mr.  J.  W.  Wilson)  said  :  Gentlemen,  when 
you  received  the  black-bordered  notice  of  this  Meeting,  it  con- 
veyed to  all  of  you  what,  I  suppose,  was  known  to  most  of  the 
Members  of  the  Society,  that  we  had  lost  our  good  Secretary, 
Mr.  Perry  F.  Xursey,  and  it  is  felt  by  the  Council  that  this,  the 
first  ordinary  meeting  since  his  death,  should  not  pass  without 
reference  being  made  from  the  Chair  to  the  great  loss  the 
Society  has  thus  sustained.  Therefore,  our  President  being  in 
China,  it  has  devolved  upon  me  to  say  a  few  words  on  this  sad 
subject. 

Mr.  Nursey  was  one  of  our  oldest  members  ;  not  the  oldest, 
for  tht-re  are  several  who  have  been  a  year  or  two  longer  in  tlie 
Society  than  lie  had ;  but,  to  all  intents  and  purposes,  from  his 
intimate  association  with  it,  we  looked  upon  him  as  the  father 
of  the  Society.  As  a  matter  of  fact,  if  lie  had  lived  till  this 
time  next  year,  he  would  liave  been  a  member  for  fifty  years. 
On  Friday  last,  he  woukl  have  reached  the  age  of  seventy-seven. 
I  had  looked  forward  to  the  pleasure  of  alluding  to  that  fact  in 
his  presence  on  tliis  occasion  ;  and  I  may  say  that,  in  anticipating 
my  being  your  President  again  next  year,  I  hoped  that  one  of 
tile  greatest  gratifications  of  my  year  of  office  would  be  to  take 
part  in  what  we  should  have  done  to  recognise  his  long  service 
to  tlie  Society  of  Eiiginetirs  during  those  fifty  years. 

You  all,  I  think,  know  that  Mr.  Nursey  filled  every  position 
tliat  it  is  possible  for  a  man  to  fill  in  the  Society  of  Engineers. 
Not  only  was  he  one  of  the  earliest  members,  l)ut  he  was  a  few 
years  later  elected  Secretary.  Later  on,  he  resigned  the 
Secretaryship  and  was  elected  a  Meml)er  of  Council.  In  LSKO 
he  became  our  President,  and  I  well  rememljer  we  nil  listened  to 
his  Presidential  address  with  a  considerate  amount  of  pleasure, 
because  it  was  written  in  his  usual  genial  style  ;  and,  if  any  of 
you  do  not  know  it,  you  would  find  great  })leasure  in  reading  it 
through.  He  was  subsequently  elected  Honorary  Treasurer,  on 
the  death  of  Mr.  Alfred  Williams  ;  and  not  many  years  ago, 
when  there  was  a  vacancy  in  the  Secretaryship,  lie  volunteered 
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to  again  fill  the  position ;  and  for  the  last  years  of  his  life  he 
has  been  as  good  a  Secretary  as  we  are  likely  to  see,  knowing 
everyone,  having  all  the  affairs  of  the  Society  at  his  finger  ends, 
and  displaying  so  much  energy  and  tact,  that  it  was  difficult  to 
realise  he  had  reached  anything  like  his  real  age. 

I  think  that  it  will  be  in  the  recollection  of  many  of  you, 
that  my  brother,  speaking  from  this  presidential  chair  just  a 
year  ago,  alluded  to  the  fact  that  Mr.  Nursey  had  read  twenty- 
four  papers,  one  every  two  years,  and  that  he  hoped  to  be  spared 
to  read  the  twenty-fifth  paper  next  year;  and  my  brother 
feelingly  alluded  to  his  age,  making  use  of  the  happy  expression, 
that,  like  Moses,  "  his  eye  was  not  dim,  nor  his  natural  force 
abated  "  ;  and  it  was  so  to  the  end. 

I  am  sure  we  all  feel  that  we  owe  a  great  debt  of  gratitude 
to  Mr.  Nursey— as  a  Society,  and  personally — a  debt  which 
now  we  have  no  opportunity  of  even  expressing,  much  less 
repaying. 

We  should,  when  our  time  comes,  envy  our  old  friend,  for 
he  was  able  to  continue  at  work  until  within  two  or  three  days 
of  his  death  ;  and,  in  the  letter  which  I  received  announcing  it, 
his  son  was  able  to  say  that  he  passed  away  quite  peacefully. 

Knowing  what  we  do  of  Mr.  Nursey,  and  of  the  sterling, 
honourable  character  which  he  always  bore  throughout  a  long 
life,  we  cannot  help  feeling  that  he  carried  out  what  was  so  well 
expressed  by  a  great  poet  many  hundreds  of  years  ago,  in  a  book 
which  Mr.  Nursey  valued  beyond  every  other.  The  poet  said, 
"  Keep  innocency,  and  take  heed  unto  the  thing  that  is  right, 
for  that  shall  bring  a  man  peace  at  the  last." 

The  Council  have  done  everything  they  can  to  express  what 
is  due  to  Mr.  Nursey 's  memory.  They  were  represented  at  his 
funeral,  and  sent  a  wreath,  bearing  the  appropriate  words  "  In 
affectionate  remembrance  of  lifelong  devotion."  They  have  sent 
a  letter  of  condolence ;  and — I  am  sure  with  your  approval — 
liave  made  a  grant  of  50^.  to  Mrs.  Nursey  by  whom  it  was  much 
needed.  She  has  written  a  very  grateful  letter,  expressing 
thanks,  not  only  to  tlie  Council,  but  to  all  the  Society,  for  theiV 
affectionate  consideration  and  regard  for  her  late  husband. 

Now,  it  seems  to  me — and  the  Council  support  me  in  the 
idea — that  under  circumstances  of  this  kind,  it  would  be  well 
if  we  went  a  step  furtlier,  and,  as  a  Society,  were  to  express  our 
feeling  of  regret  for  the  loss  of  Mr.  Nursey,  and  our  appreciation 
of  wlial  he  has  done  for  us,  and  our  sympathy  with  his  widow 
and  the  rest  of  his  family.  Therefore,  T  now  propose  to  read 
you  this,  which  I  put  forward  as  a  ])roposition,  and  I  hope  that 
someone  in  tli(3  room — some  old  Jriend  of  Mr.  Nursey— will 
.second  it. 
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"The  President,  the  Council,  and  the  Members  of  the 
Society  of  Engineers,  at  this  their  first  meeting  after  the  death 
of  their  Secretary,  Mr.  Perry  F.  Nursey,  desire  to  place  on  record 
their  appreciation  of  the  invaluable  services  rendered  by  him  to 
the  Society  during  his  long  and  honourable  lite,  and  to  express 
to  his  widow  and  to  his  family  their  deep  sympathy  with  them 
in  their  bereavement." 

Mr.  Sidney  J.  Ball  :  Mr.  President,  having  known  dear  old 
Mr.  Nursey  for  many,  many  years,  and  known  him  intimately, 
if  I  am  permitted,  I  shall  have  very  great  pleasure  in  seconding 
the  proposal.  You  have  not  said  a  word  too  much,  and  I  thank 
you  indeed  for  the  kind  expressions  which  you  have  made  with 
regard  to  my  dear  old  friend,  for  you,  Sir,  1  know,  believe  that 
he  deserved  it,  and  we  all  feel  that  he  did. 

The  Chairman  :  Well,  gentlemen,  then  I  will  put  it  to  you 
that  the  foregoing  proposition  be  embodied  in  a  letter,  and  sent 
by  our  Secretary. 

Tlie  proposal  was  unanimously  adopted  by  the  meeting. 

The  Chairman  :  Then,  I  may  say  further,  gentlemen,  that 
we  consider  that  it  would  be  well  that  Mr.  Nursey's  memory 
should  be  preserved  in  connection  with  the  Society  of  Engineers. 
We  feel  that  it  would  be  an  easy  thing  to  raise  a  fund  sufficiently 
large  for  us  to  provide  from  its  interest  a  premium  that  should 
1)0  awarded,  every  year,  or  every  other  year,  as  the  case  may  be, 
to  be  called  "  The  Nursey  Premium,"  which  every  recipient 
would  value  all  the  more  from  the  name  that  it  bore.  The 
Council  have  this  matter  under  consideration,  and  in  due  course 
you  may  expect  to  receive  a  notice  to  that  elfect.  I  feel  sure 
that  this  will  be  widely  supported,  not  oidy  l)y  those  of  liis  old 
friends  wlio  valued  him  personally,  ])ut  l)y  those  members  of  the 
Society  who  have  benefited  so  much  by  his  wise  conduct  from 
time  to  time  in  his  various  capacities. 

I  wish,  geuJemen,  that  were  all.  But,  about  the  time  that 
Mr.  Nursey  died,  our  Vice-President,  ^Ir.  W.  H.  llolltum,  was 
taken  ill,  and  within  a  few  weeks  he  also  passed  away.  Such 
an  event  should  not  pass  by  without  notice,  for  Mr.  Ilolttum 
was  a  Vice-President  whom  we  all  sincerely  respected.  The 
Members  of  the  Council  felt  a  very  affectionate  regard  for  him, 
and  were  always  pleased  to  see  him  at  our  meetings,  whicli  he 
attended  most  regularly.  We  looked  forward — with  pleasurable 
anticipation — to  the  time,  near  at  hand,  when  he  would  be  our 
President,  but  he  has  been  taken  from  us  ;  and  a  letter  has  been 
written  by  the  Council  to  his  family  to  express  our  regret.  I 
bring  this  before  you  now,  so  that  we  may  feel  we  have  placed 
on  permanent  record  how  much  we  appreciate  what  lie  has  done 
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for  US.  We  have  lost  a  valuable  member  of  the  Society,  and 
the  Council  have  lost  a  highly  esteemed  colleague,  and  I  am 
sure  that  had  he  followed  on  to  the  presidential  chair,  it  would 
have  been  well  and  worthily  filled  by  one  who  was  not  only  a 
good  man  in  the  best  sense  of  the  word,  but  also  a  good 
engineer. 

I  will  only  add  that  in  Mr.  Nursey's  place  the  Council  have 
elected  Mr.  A.  S.  E.  Ackermann.  We  feel  sure  that  he  will 
make  an  excellent  secretary  and  a  worthy  follower  of  Mr. 
Nursey.  He  is  anxious  to  become  acquainted  with  all  the 
members  of  the  Society  as  soon  as  possible,  and  I  am  confident 
that  you  will  extend  to  him  the  courtesy  and  support  that  you 
always  gave  to  Mr.  Nursey. 


LIQUID    FUEL    FOR    INTERNAL    COMBUSTION 

ENGINES.* 

By  R.  W.  a    Brewer,  A.M.liist.C.E.,  A  M.I.M.E., 
M.  Inst.  Automobile  Engineers. 

The  Aspect  of  the  Fuel  Question 

The  use  of  the  term  "  liquid  fuel "  in  this  paper  implies  that  the 
fuel  is  supplied  to  the  engine  in  a  "  liquid  "  as  distinct  from  a 
"  gaseous  "  state. 

It  does  not  necessarily  follow  that  tlie  fuel  enters  the  engine 
cylinder  in  a  liquid  state. 

Since  the  gas  engine  was  a  commercial  machine,  the  advan- 
tages of  the  use  of  a  liquid  fuel  for  driving  this  type  of  engine 
became  apparent,  and  at  the  present  time  these  advantages  have 
become  so  enormous  that  there  is  quite  a  likelihood  of  the 
li({uid  fuel  internal  combustion  engine  su[)erseding  a  large  pro- 
jjortion  of  tbe  steam  units  now  in  use.  Manufacturers  are 
designing  and  building  these  engines  in  constantly  increasing 
sizes,  and  it  is,  perhaps,  still  a  debatable  point  whether  large 
marine  engines  of  this  type  cm  be  successfully  used  or  not  In 
a  recent  discussion  at  the  Institution  of  Civil  Engineers  (see 
I'roceedings,  Vol.  108,  p.  147),  the  author  of  this  paper  strongly 
advocated  the  adoi)tion  of  a  liquid  fuel  of  high  Hash  point  for 
marine  work,  in  place  of  producer  gas,  as  proposed  in  that 
])aper.     lie  stated  that  the  most  important  point  in  the  problem 

*  'J'hr;  Prcsidoiit's  Gold  Me.lal  wms  awaided  to  the  aiitlior  for  thia  paper. 
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was  the  production  of  tlie  explosive  mixture,  and  that  he  couhl 
see  only  one  solution  to  the  question,  whicli  was  the  adoption  of 
a  heavy  oil — viz.  the  residnals  after  the  lighter  fractions  had 
been  distilled  off.  This  lieavy  oil  should  have  a  flashpoint  not 
below  350°  Fah.,  and  would  thus  not  be  dangerous  when  used 
on  board  ship.  Every  other  system,  such  as  a  battery  of  gas 
producers,  must  necessarily  be  attended  with  great  risk,  and,  in 
addition,  the  weight  of  such  producers  would  ha  avoided  when 
liquid  fuel  was  utilised. 

Then  tliere  are  in  tlie  case  of  a  liquid  fuel  the  usual  advan- 
tages of  ease  of  handling,  storage  and  manipulation,  which  are 
found  when  such  a  fuel  is  burnt  in  a  boiler  furnace  in  place  of 
coal.  The  chief  disadvantage  of  rliis  system  is  one  which  applies 
to  practically  the  whole  of  the  oil  question,  viz.  tlie  control  of  the 
market.  During  the  discussion  before  alluded  to,  Sir  William 
White  ngreed  with  the  autlior  of  this  paper,  when,  speaking  from 
his  personal  knowledge  lie  stated,  that  there  was  the  greatest 
difhculty  in  obtaining  a  binding  contract  for  the  purchase  of  oil 
residuals  for  fuel.  High  authorities  had  stated  that  there  was 
no  difficulty  in  guaranteeing  almost  unlimited  supplies  at  a 
moderate  figure,  but  they  wouhl  not  commit  themselves  in  the 
form  of  a  contract. 

From  the  foregoing  rem  arks  the  following  facts  are  evident :  ~ 

Liquid  fuels  must  not  l)e  considered  solely  as  the  products  of 
petroleum,  ])ecause  the  control  of  that  market  is  in  the  hands  of 
a  very  few  large  companies. 

It  is  necessary  to  have  one  or  more  alternative  fuels,  in  order 
that  ])urchases  of  fuel  can  be  made  in  an  open  market.  It  is, 
therefore,  essential  that  engines  designed  for  li(piid  fuel  should 
be  capable  of  being  rnn  on  these  alternative  fucds  without 
material  alterations  in  their  gear. 

The  manufacture  of  a  national  fuel,  as  distinct  from  an 
import  from  foreign  countries,  shouhl  receive  every  encourage- 
ment, as  such  a  fuel  could  not  l)ea  monoply,  and  it  is  reascmabh^ 
to  expect  that  its  price  would  be  maintained  at  a  steady  and  low- 
figure. 

We  have  recently  seen  how  a  great  and  concerted  elfort  to 
encourage  the  use  of  alternative  fuels  has  had  the  effect  of 
reducing  the  price  of  a  petroleum  product,  which  points  to  the 
fact  that  at  the  present  time  the  ])rices  d(Mnanded  by  the  large 
oil  comjianies  are  false  ones. 

Attempts  to  Utilise  the  irEvviKK  Oil. 

In  order  to  successfully  utilise  a  liquid  in  the  form  of  oil  in 
the  cylinder  of  an  internal  combustion    engine,   two   distinct 
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methods  have  been  tried  to  cope  with  the  difficulties  present. 
The  fuel  can  be  introduced  : — 

1.  As  oil,  tuithout  chemical  change,  either  in  anatomised  or 

partly  vaporised  and  partly  atomised  form. 

2.  With  chemical  change,  such  that  the  oil  before  entering 

the  cylinder  has  been  wholly  or  partially  decomposed 
into  the  lighter  hydro-carbons. 

In  case  (1)  may  be  classed  the  first  commercially  successful 
engine,  the  Priestman,  although  in  its  effect  it  borders  on  case 
(2).  The  paraffin  was  injected  by  means  of  a  nozzle  into  a 
chamber  on  the  cylinder  head  and  in  direct  communication 
with  the  cylinder  itself.  This  chamber  keeps  hot,  due  to  the 
heat  of  explosion  under  normal  working  conditions.  The  action 
of  the  spray  being  to  atomise  the  liquid  fuel,  the  heat  of  the 
chamber  and  the  rapidity  of  compression  convert  the  spray  into 
a  smoky  vajjour,  which  burns  when  mixed  with  its  correct 
proportion  of  air.  In  this  type  of  engine  the  compression  is 
comparatively  small,  as  a  large  compression  would  render  the 
mixture  unstable  and  liable  to  pre-ignition. 

Distinct  from  this  type  is  the  Diesel  engine,  which  works 
by  compressing  the  air  alone  up  to  about  700  lb.  per  sq.  inch. 
Into  this  highly  compressed  air  at  the  end  of  the  inward  stroke 
of  the  piston,  is  injected  the  correct  proportion  of  liquid  fuel,  by 
means  of  air  at  a  higher  pressure  operating  a  jet.  As  this  fuel 
enters  the  cylinder  it  burns  spontaneously,  without  a  sudden  rise 
of  temperature,  throughout  a  greater  part  of  the  working  stroke. 

Finally,  there  is  tlie  Eoots  type  of  engine,  which  has  the 
low  or  ordinary  compression  of  about  70  lb.  per  square  inch,  in 
wliich  each  charge  of  oil  is  accurately  measured,  and  injected 
into  the  engine  cylinder  during  the  suction  stroke,  and  in  which 
cliicfly  atomisation  is  relied  upon  to  produce  proper  carburation 
of  the  air  in  the  cylinder. 

Under  Type  2  come  all  engines  having  externally  heated 
vaporisers,  in  which  the  liquid  fuel  is  first  converted,  by  partial 
d(iComposition,  into  a  gaseous  or  semi-gaseous  state  before  its 
introduction  into  the  engine  cylinder.  A  chemical  change  takes 
place  in  this  vaporiser,  and  there  is  always  the  likelihood  of 
deposits  of  carbon  or  heavy  residuals  forming  here.  Any  possible 
variation  in  temperature  between  the  vaporiser  and  the  induc- 
tion pipe  will  cause  the  vapour  to  condense  in  the  pipe  or  round 
the  inlet  valve  before  it  reaches  the  engine. 

The  effect  of  such  an  action  may  not  be  very  marked  in  a 
stationary  slow- speed  engine  running  at  constant  load  and 
sj)eed,  but  when  these  conditions  vary,  the  whole  system  may 
easily  become  deranged,  owing  to  the  small  explosive  range  of 
a  mixture  of  air  and  oil  vapour ;  so  that  when  an  oil  engine  is 
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designed  for  varying  loads  and  speeds,  such  as  for  motor  car 
work,  the  following  points  are  to  be  considered. 

The  oil-feed  must  be  accurately  measured,  and  in  exact  pro- 
])ortion  to  the  air  admitted  at  all  times — any  system  of  governing 
by  tlu'ottling  the  air  inlet  'must  act  upon  the  feed  of  oil  in  the 
same  proportion. 

A  spray  carbm-etter  cannot  give  satisfaction  wlien  oil  is 
utilised,  as  the  action  of  a  jet  is  not  proportional,  and  there 
must  of  necessity  be  a  great  variation  of  the  feed  in  such  a 
device.  This  variation  will  occur  not  only  for  those  working 
strokes  in  which  the  volume  of  air  is  reduced  by  throttling,  but 
also  when  the  throttle  is  full  open  and  the  supply  of  air 
unrestrained. 

Owing  to  the  small  explosive  range  in  the  case  of  oil,  either 
more  or  less  vapour  than  that  required  to  produce  the  best 
results  will  cause  a  miss-fire,  wliich  will  be  followed  by  one  or 
more  others,  resulting  in  the  stoppage  of  the  engine.  Usually 
about  20  -per  cent,  of  the  total  cylinder  volume  contains  inert  or 
burnt  gas  at  the  end  oi'  a  charging  stroke  when  the  engine 
is  firing  correctly.  But  when  an  explosion  is  missed,  the 
next  charge  is  richer  (perhaps  too  rich  to  fire),  owing  to  the 
absence  of  this  2(1  per  cent,  of  inert  gas.  An  absolutely  positive, 
accurately  measured  and  mechanically  controlled  feed  of  oil  is 
therefore  a  necessity  in  this  type  of  engine,  and  this  feed  must 
be  delivered  every  working  stroke.  The  volume  of  oil  required 
to  carburate  free  air  is  so  very  small  (about  2*5  per  cent,  by 
volume)  that  the  chief  difficulty  is  encountered  in  producing  an 
apparatus  sutliciently  sensitive  and  at  the  same  time  one  that 
will  stand  the  wear  and  tear  to  which  such  an  apparatus  is 
subject. 

The  Use  and  Manipulation  of  the  Lighter 
Distillates  of  Petroleum. 

It  is  about  ten  years  since  the  lighter  fractions  distilled  from 
petroleum  came  into  commercial  use  as  a  fuel  in  this  country. 

The  same  high-speed  engine,  such  as  is  the  prime  mover  in 
th(^.  majority  of  motor  cars  of  the  present  day,  was  at  that  time 
in  a  state  of  infancy,  and  liable  to  frequent  breakdowns  through 
small  derangements. 

It  was  a  necessity  that  the  fuel  for  such  an  engine  should  be 
of  the  simplest  nature,  as  far  as  its  manipulation  and  properties 
for  carburation  were  concerned. 

Distillers  of  these  lighter  fractions  know  well  that  the 
majority  of  failures  and  jjreakdowns  in  the  early  days  of  the 
motor  car  were  attributed  to  the  imaginary,  or  real,  bad 
qualities  of  the  fuel. 
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This  light  fuel  had  originally  a  specific  gravity  of  0*680, 
and  was  very  volatile,  as  the  type  of  carburetter  then  employed 
depended  solely  upon  the  volatility  of  the  spirit  to  effect  its 
purpose.  The  spirit  of  0*680  sp.  gr.  here  referred  to  might  be 
cojisidered  to  be  hexane,  as  it  was  a  mixture  of  this  compound 
with  the  higher  and  lower  members  of  the  saturated  hydro- 
carbons, and  was  represented  by  the  formula  C6H14. 

The  earliest  types  of  carburetter  for  this  spirit  consisted  of 
a  small  tank  containing  the  fuel,  the  necessary  air  being  drawn 
over  the  surface  of  the  fuel  and  thus  becoming  carburated. 
Later  forms  were  fitted  with  wicks  dipping  into  the  fuel  in 
order  to  avoid  splashing  and  erratic  behaviour  of  the  liquid. 
This  wick  type  of  carburetter  exists  at  the  present  day  in  a 
modified  form,  but  it  is  obvious  that  as  volatility  is  alone 
depended  upon  to  effect  the  carburation,  only  the  lighter 
fractions  can  be  used. 

The  jet  spray  types  of  carburetters  now  generally  in  use  are 
semi-mechanical  in  their  action,  and  when  dealing  with  petrol 
of  a  specific  gravity  of  0  *  720  can  be  made  to  give  a  certain 
amount  of  satisfaction,  at  any  rate  to  control  the  proportions  of 
petrol  vapour  to  air  within  the  limits  of  ignition  throughout  a 
large  range  of  demand.  This  spirit  is  usually  employed  at  the 
present  time,  and  the  ratio  of  carbon  to  hydrogen  is  nearly 
represented  by  C7H16  (heptane). 

Spirit  of  Greater  Density. 

The  specific  gravity  of  the  spirit  alone  is  no  true  measure  of 
its  suitability  for  use  in  an  ordinary  jet-spray  carburetter,  but 
it  is  the  range  of  boiling  points,  as  observed  in  a  distillation 
test,  which  determines  the  true  value  of  any  particular  spirit. 

The  Fuels  Committee  of  the  Motor  Union  points  out  in  its 
Report  how  spirit  of  a  high  specific  gravity  has  been  excluded 
in  the  past  from  our  markets  by  an  erroneous  standard,  but  the 
thermal  value  per  unit  weight  of  Borneo  spirit  is  higher  than 
that  of  tlie  spirit  now  generally  in  use,  and  it  contains  slightly 
more  carljon  in  its  composition.  The  author  has  found  as  a 
result  of  numerous  experiments  with  this  fuel  an  increase  of 
10  i>er  cent,  in  its  effect  in  a  motor-car  engine  as  compared  with 
American  spirit  of  0*715  sp.  gr. 

This  spirit  must  not  be  confused  with  a  paraffin,  as  it 
evaporates  completely  at  ordinary  temperature  without  leaving 
any  oily  residue. 

Pennsylvanian  spirit  has  a  composition  of  84  per  cent.  C, 
16  per  cent.  H,  with  boiling  points  between  60°  and  150°  C. 

Paraffin    consists    of   85   per  cent.  C,  15  per  cent.  H,  has 
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boiling  points  between  150°  and  300°  C,  and  has  a  flash  point 
not  below  23°  C. 

Borneo  spirit  of  a  sp.  gr.  0  760  consists  of  91  per  cent.  C 
and  9  per  cent.  H,  and  distils  completely  between  60°  and 
150°  C. 

It  will  be  seen  from  the  table  that  even  a  lieavier  spirit  up 
to  0*780  sp.  gr.,  though  its  range  of  boiling  points  be  increased 
in  an  upward  direction,  contains  a  proportion  of  lighter  fractions 
wldch  carburate  air  without  the  application  of  heat.  In  its 
action,  therefore,  it  is  distinct  i'rom  paraffin,  as  the  engine  can 
be  started  cold,  and  the  greater  ratio  of  the  explosive  mixture 
makes  it  possible  to  run  tlie  engine  until  the  parts  become 
sufficiently  warm  to  effectually  carburate  the  heavier  fractions 
present  in  such  a  fuel. 

IJeferring  again  to  the  properties  tliat  are  required  in  a 
motor  car  fuel,  the  distillation  figures  given  in  the  table  (page 
163)  have  been  obtained  by  Messrs.  A.  Duckhani  and  Co.,  Ltd., 
and  from  these  it  is  obvious  that  the  Borneo  spirit  of  0*760 
sp.  gr.  is  very  similar  in  its  volatility  to  the  better  known  light 
American  (Pratt's)  spirit,  the  only  real  difference  being  in  the 
greater  percentage  of  carbon  present  in  the  former.  This  higher 
percentage  of  carbon  is  due  to  the  presence  of  benzol. 

The  author's  experiments  in  connection  with  petrols  of  high 
specific  gravities  have  been  confirmed  by  later  tests  made  by 
otliers  interested  in  the  development  of  the  internal  combustion 
engine. 

The  object  of  the  trials  was  the  observation  of  the  relative 
behaviour  of  the  different  fuels  under  road  running  conditions, 
and  tests  were  made  over  long  distances  varying  from  1000  to 
2000  miles,  and  also  over  shorter  distances  ujjon  level  roads — 
taking  units  of  1  pint,  or  1  gallon  of  fuel,  in  each  case,  and 
noting  the  distance  covered  by  the  car  upon  such  a  fuel  allow- 
ance. 

The  chief  features  noticed  were  : — 

(a)  Consumption  in  gallons  per  hour  =  C. 

(h)  Miles  travelled  per  gallon  =  E. 

(c)  Speed  of  car  in  miles  per  hour  =  V. 

(d)  Approximate  weight  of  car  and  passengers. 

(e)  Condition  of  road. 

(/)  Behaviour  upon  the  level. 

(f/)  Hill  climbing. 

Naturally,  in  tests  of  this  nature,  the  conditions  varied 
enormously,  and  a  general  average  had  to  l)e  struck,  and  the 
results  deduced  from  an  empirical  formula  constructed  by  the 
author  for  the  purpose. 

A  variable  Y,  with  a  standard  equal  to  unity,  has  been 
introiluced  for  the  purpose  of  taking  into  account  the  observed 
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conditions  of  the  road  surface  and  load,  before  placing  the 
various  fuels  in  their  relative  positions  in  the  table. 

In  the  construction  of  the  formula  the  author  assumed  that 
the  useful  effect  of  each  fuel  was  proportional  to  E,  the  miles 
travelled  per  gallon  ;  also  to  V-  the  velocity  of  the  car  in  miles 
per  hour,  and  inversely  proportional  to  the  rate  of  consump- 
tion =  C. 

As  the  speed  did  not  vary  to  any  marked  degree,  any  error 
due  to  the  assumption  of  V^  is  slight,  but  the  results  agree  very 
well  with  those  of  the  general  observation  upon  the  road. 

V-^  was  taken,  as  the  author  has  found  by  experiment  that 
above  a  certain  speed  the  power  required  to  propel  similar  cars 
against  the  air  and  other  resistances  varies  approximately  as  the 
square  of  the  velocity.  For  instance,  it  required  10  h.p.  to 
propel  a  certain  car  at  30  miles  per  hour,  whilst  a  similar  car 
required  20  h.p.  to  propel  it  at  40  miles  per  hour.  The  road 
and  axle  resistance  given  by  Col.  Crompton  for  certain  cars 
being  constant  at  about  49  lb.  weight,  whilst  the  total  air  resist- 
ance was  about  77  lb.,  when  it  was  reduced  to  a  minimum  at 
39  miles  per  hour. 


Tests  of  Liquid 

Fuels.     Petroleum 

Products. 

Long 

Tests. 

(1) 

(2) 
KV2 

Ox  1000 

(3)                       (4) 

Sp.  Gr. 

Y 

Col.  (2)  X  CoL  (3) 

Borneo       

0-760 

11-G 

1-1 

12-4 

Pratt's  0-715    ..        .      . 
Paraffin  0-810 



1  0-755 

10-0 

1-0 

10-0 

Borneo  0-700 

„       0-780   

}  0-770 

7-4 

1-3 

9-G 

Pratt's       

0-715 

9-5 

1-0 

9-5 

Borneo       

0-780 

O-H;") 

1-2     '           S-i) 

\ 


Vaporisation  and  Explosive  Mixtures. 

Refined  petroleum  is  a  com})lex  mixture  of  hydrocarlxfus  of 
various  boiling  points.  In  evaporation  at  temperatures  l)eh)W 
the  boiling  point  such  particles  as  escape  from  the  surface  of 
the  liquid  exist  as  vapour.  In  the  case  of  any  of  the  ordinary 
petrols,  either  of  the  light  or  heavy  variety,  eva]>oration  con- 
tinues at  ordinary  temperatures  until  the  wliole  has  disapix'ared 
without  leaving  an  oily  residue. 

The  proportion  of  liydrocarbon  vapour  wliich  tiie  air  lakes 
up  varies  with  the  volatility  of  the  petrol  and  the  humidity, 
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pressure,  and  temperature  of  the  atmosphere.  For  instance,  dry 
air  will  take  up  the  following  quantities  of  vapour  from  petrol 
having  a  sp.  gr.  =  0  •  650. 

17  •  5  per  cent,  by  volume  at  50°  F. 

_27  „  „  68°  F. 

before  the  air  is  saturated.     These  percentages  are  equivalent  to 

1  vol.  vapour  to  5  •  7  of  air  at  50°  F. 

1       „  ^        »       3-7        „        68°F. 

showing  that  a  small  increase  in  the  temperature  largely  increases 

the  percentage  of  petrol  vapour,  which  can  be  retained  by  the 

au\ 

Petrol  of  a  sp.  gr.  0  *  700  containing  83  •  72  per  cent.  C  and 
16*28  per  cent.  H  has  a  vapour  density  of  0-24  lb.  per  cubic 
foot  at  atmospheric  pressure  when  at  a  temperature  of  32°  F., 
or  nearly  three  tinies  the  density  of  air. 

With  regard  to  the  open  evaporation  of  petrols  of  various 
densities  and  chemical  compositions,  the  author  has  made  a 
number  of  experiments  in  order  to  determine  the  effect  of  tem- 
perature and  air  currents  upon  the  time  taken  to  effect  complete 
evaporation. 

The  apparatus  consisted  of  an  electrically-driven  fan  with 
speed  controller,  anemometer,  a  portable  furnace,  and  a  ther- 
mometer. Air  currents  of  different  velocities  were  passed  over 
thin  strips  of  paper  saturated  with  the  different  fuels,  and  the 
time  noted  when  the  liquids  had  completely  disappeared. 

The  experiments  were  made  before  the  tables  of  distillation 
had  been  studied  in  order  that  no  possible  bias  could  be  intro- 
duced during  the  experiments. 

The  results  are  given  in  the  following  table,  and  clearly  show 
that  although  at  ordinary  temperatures  there  is  a  marked 
difference  in  tlie  time  taken  by  the  petrols  of  the  highest  and 
lowest  specific  gravity,  the  application  of  heat  makes  the 
behaviour  more  nearly  alike  than  does  the  effect  of  air  currents 
alone.  It  also  sho\\'s  that  although  the  chemical  compositions 
of  the  Borneo  spirit  of  0  *  760  sp.  gr.  and  the  spirit  of  0  •  720 
sp.  gr.  are  dissimilar,  yet  owing  to  the  similarity  of  the  distilla- 
tion tests  of  the  two,  the  time  taken  for  evaporation  in  this  way 
is  practically  the  same. 

The  deductions  made  from  such  tests  lead  one  to  expect  that 
when  comparing  the  Shell  spirit  of  0  •  720  sp.  gr.,  and  the  Borneo 
spirit  of  0*760  sp.  gr.,  no  perceptible  difference  will  be  ex- 
perienced wlien  starting  an  engine  cold,  and  that  the  behaviour 
of  the  engine  in  traffic,  as  far  as  flexibility  is  concerned,  will 
be  the  same  with  either  fuel.  But  when  comparing  the  spirit 
of  0*780  sp.  gr.  (which  contains  fractions  having  a  higher  boil- 
ing point)  and  the  other  two  spirits,  we  find   that  the  former 
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Evaporation   Tests. 
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requires  assistance  in  the  form  of  heat  to  accelerate  the  action 
of  vaporisation.  This  heat  can  be  added  in  the  following 
ways.  Either  the  carburetter  itself  or  the  incoming  aii'  can 
be  heated  by  the  exhaust,  when  the  ordinary  types  of  carburetter 
are  employed;  or,  the  spray  of  petrol  can  be  mechanically 
broken  up  in  order  that  such  tractions  as  do  not  readily 
vaporise  may  be  carried  in  suspension  into  the  engine  cylinder 
itself.  If  no  precipitation  takes  place  in  the  induction  pipe,  the 
whole  of  these  heavier  particles  at  once  vaporise  during  the 
compression  stroke.  When  a  carburetter  of  the  suction-spray 
type  is  employed,  this  atomisation  can  only  be  perfectly  carried 
out,  when  the  engine  is  kept  running  above  a  speed  high  enough 
to  produce  sufficient  suction  at  the  jet.  It  may,  however,  be 
expected  that  a  good  mechanical  carburetter  would  deal  more 
satisfactorily  with  a  heavier  petrol  than  the  0 '  73U  sp.  gr.  here 
specified. 

In  order  lo  form  an  explosive  mixture  with  a  fuel  of  this 
nature,  knowing  its  chemical  composition,  it  becomes  a  simple 
matter  to  ascertain  tlie  correct  (juaiitity  of  air  required  to  etfect 
complete  combustion.  The  proportions  must  be  such  that  the 
propagation  of  the  tlame  is  sufficiently  rapid  to  produce  an 
explosion. 
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Taking  a  Borneo  spirit  of  91  per  cent,  carbon  and  9  per 
cent,  hydrogen,  1  lb.  carbon  requires  11*6  lb.  of  air  for  its  com- 
plete combustion — 

.-.  0-91  X  11-6  =  10-5  lb.  of  air  for  the  C. 

1  lb.  hydrogen  requires  34  *  8  ib.  for  its  complete  combustion — 
.-.  0-09  X  34-8  =  3-14  lb.  of  air  for  the  H. 

Hence,  theoretically,  the  total  air  required  =  13-64  lb., 
which  at  62°  F.  =  182  cubic  feet  at  atmospheric  pressure.  In 
practice,  we  find  the  excess  of  air  admitted  greatly  dilutes  this 
mixture,  and  that  instead  of  a  mixture  containing  1  •  8  per  cent, 
of  petrol  vapour,  the  vapour  is  diluted  with  60  or  70  times  its 
own  volume  of  air,  i.e.  the  percentage  of  petrol  is  only  1  •  6 
or  1-43. 

The  investigations  of  Sir  B.  Eedwood  upon  the  limits  of  ex- 
plosion of  mixtures  of  petrol  vapour  and  air  show  that  when 
using  a  petrol  of  0*720  sp.  gr.,  and  firing  tlie  mixture  in  a  closed 
vessel  by  means  of  a  naked  flame,  the  most  explosive  mixture 
consisted  of  1'86  per  cent,  of  petrol  vapour.  With  a  petrol  of 
0-680  sp.  gr.  these  figures  become  2*5  per  cent.,  as  is  shown  in 
the  following  table  : — 

Specific  Guavity  of  Petrol  0*680,  giving  190  to  260  times  its  own 
Volume  of  Saturated  Vapour. 

No  ignition  with      ..  ..  1  -OT.")  per  cent,  by  volume  of  petrol  Viipour. 

Silent  burning  with  ..  1-845  „  „  ,, 

Sharp  explosion  with  ..  2'017  „  „  „ 

Violent  ex])lo«iou  with  ..  2*352  „  „  „ 

Less  violent  explosion  Willi  3"862  „  „  „ 

BuiTiing  and  roaring  ..  4 '034  „  „  „ 

Burning  silently       ..  ..  5*379  „  „  „ 

The  most  violent  explosion  occurred  when  12 '25  volumes  of 
liquid  were  mixed  with  100,000  vols,  of  air. 

These  experiments  were  conducted  witliout  a  previous  com  • 
pression  of  the  mixture,  and  it  is  chiefly  owing  to  this  com- 
pression in  an  engine  cylinder  that  such  weak  mixtures  as  are 
used  in  modern  practice  can  be  made  to  explode. 

The  author  has  made  many  tests  on  the  road  with  a  view  to 
ascertaining  tlie  minimum  strengths  of  explosive  mixtures  used 
in  his  motor  car,  the  engine  of  whicli  has  four  cylinders,  each 
90  mm.  diameter  by  110  mm.  stroke,  and  observations  were 
made  as  to  the  rate  of  consumption,  etc. 

Petrol  consumption,  one  gallon  per  20 '  5  miles.  One  gallon 
was  consumed  during  38,700  engine  revolutions  =  77,400 
cylinder  charges  of  mixture. 

Each  cylinder  volume  swept  by  piston  =  698*5  c.c. 

One  gallon  of  petrol  =  4543  c.c. 
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Takiug  a  carburetter  loss  of  15  per  cent.,  petrol  used  = 
3860  c.c.  net. 

Total  volume  of  mixture  at  14  lb.  per  square  inch  aljsolute, 
and  110°  F.=  77,400  x  i.98-5  =  54  million  c.c.  =  46  7  million 
c.c.  at  15  lb.  per  sq.  in.  and  62°  F.  That  is  8-25  vols,  liquid 
petrol  per  100,000  vols,  of  mixture. 

This  figure  is  for  Borneo  spirit  of  0*760  sp.  gr.  The  figures 
given  by  authorities  on  the  subject  for  the  best  proportions  are 
with  0-680  sp.  gr.,  12-25  vols,  liquid  to  100,000  vols,  air 
theoretically  and  without  compression. 

The  test  figures  show  for  Borneo  0*760  :  59  vols,  of  air  to 
1  vol.  of  vapour  =1*7  per  cent,  of  petrol  vapour,  as  against 
40-0  vols,  ail-  to  1  vol.  vapour  =  2*5  theoretically  for  the 
0-680  spirit:  and  for  0*722  sp.  gr.  spirit  =1-86  per  cent, 
theoretically. 

From  the  above  figures  it  is  evident  that  the  proportion  of 
petrol  to  air  is  high,  and  that  either  more  air  could  have  been 
used  or  the  assumed  loss  of  15  per  cent,  in  carburation  is 
too  low. 


The  Sources  of  Supply  and  the  Question  of  Price. 

As  far  as  we  in  this  country  are  concerned  at  tlie  present 
time,  the  United  States  of  America  can  be  almost  ignored  as  a 
source  of  supply  for  the  petroleum  fuels.  Originally  practically 
all  the  lighter  distillates  of  petroleum  imported  into  this  country 
were  obtained  from  the  Pennsylvanian  fields,  as  there  was  only 
a  small  percentage  of  petrol  in  the  Kussian  oil,  our  other  source 
of  petroleum  at  that  time. 

Now  the  home  consumption  of  American  spirit  has  reached 
such  proportions,  together  with  the  depletion  of  tlie  wells  in 
that  country,  that  the  amount  available  for  ex])ort  is  very  small. 
Whereas  in  1905  we  imported  lOJ  million  gallons  of  petroleum 
spirit  from  America  out  of  a  total  of  18J  million  gallons,  this 
importation  had  fallen  to  2^  million  gallons  for  the  first  six 
months  of  1907,  a  decrease  to  less  than  20  per  cent,  of  the  total 
amount  imported. 

The  great  increase  in  the  demand  for  petroleum  spirit  in 
this  country  is  shown  by  the  following  figures  supplied  by 
Mr.  Alexander  Duckham  : — 

Year  l'.)()4 ll,l)72,(M)(i  imperial  i,'iilloii8. 

„     I'JOo LS,(;r)8,0()0 

„     Ii)OG 20,71)2,000  „ 

and  the  percentages  of  imports  from  the  different  sources  have 
been  as  follows  : — 
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Country 

1904 

1905 

1906 

United  States        

East  Indian  group        

Roumania      

Other  countries 

Per  cent. 
50 

37 

8-2 

4-8 

Per  cent. 
56 

42 

0 

2 

Per  cent. 
29-8 

61-4 

8-6 

0-2 

100 

100 

100 

These  figures  show  the  change  in  the  sources  of  supply 
during  the  last  few  years,  which  change  is  still  more  marked 
for  1907. 

Eussian  oil  contains  practically  none  of  the  lighter  fractions 
which  have  been  used  in  the  past  for  motor  spirit.  Also  the 
labour  disturbances  in  Eussia  account  for  its  absence  from  the 
above  list. 

Eoumania,  on  the  other  hand,  does  a  large  export  trade  in 
spirit,  the  bulk  of  which  goes  to  France  and  Germany. 

Roumanian  Spirit  obtained,  in  Gallons. 

Gallons 

1903     14,500,000 

1904 18,600,000 

1905     ..       ,      ..     23,500,000 

The  bulk  of  the  spirit  now  coming  into  this  country  is  from 
the  fields  of  Sumatra,  Borneo,  and  the  East  Indies,  and  it  is  only 
within  the  last  few  years  that  the  companies  operating  these 
fields  have  exported  their  light  products  to  Europe.  The  oil 
from  these  fields  contains  a  large  percentage,  up  to  20  per  cent, 
of  a  spirit  distilling  between  60°  C.  and  150°  C,  and  referred  to 
previously  as  Borneo  spirit,  and  also  a  considerable  quantity  of 
the  more  familiar  Shell  spirit,  having  a  sp.  gr.  of  0  715  to  0 '  720. 
The  amount  of  spirit  available  from  these  fields  depends  upon 
the  market  for  kerosene  and  other  residuals.  Sir  Marcus  Samuel 
in  a  recent  speech  stated  that  although  they  could  produce  an 
enormous  quantity  of  spirit,  "  the  price  would  depend  upon 
whetlier  they  could  find  remunerative  markets  for  the  other 
products  left  when  the  petrol  was  removed  from  the  crude." 

As  these  products  constitute  something  like  90  per  cent,  of 
the  total  there  is  very  little  assurance  that  the  petrol  market 
will  continue  in  a  stable  condition  for  any  length  of  time.  The 
price  obtained  for  the  residuals  is  primarily  governed  by  the 
price  of  coal ;  for  instance,  Eussia  at  the  present  time  utilises 
the  bulk  of  its  production  locally  as  fuel  oil.  It  would  not  pay 
to  distil  this  oil  for  the  sake  of  a  small  percentage  of  petrol. 
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The  removal  of  the  specific  gravity  standard  might  make  the 
necessary  difference,  as  far  as  Eussia  is  concerned,  whether  it 
would  pay  to  distil  or  not. 

Considering  the  East  Indian  oil,  in  addition  to  the  demand 
for  fuel  oil,  which  is  very  small,  the  chief  marketable  residual 
is  kerosene.  The  companies,  however,  find  this  market  decreas- 
ing year  by  year. 

As  compared  with  other  fuels  petroleum  products  show 
unaccountable  fluctuations.  This  is  undoubtedly  due  to  the 
fact  that  the  control  of  supplies  is  in  very  few  hands.  It  is, 
therefore,  an  easy  matter  to  create  artificial  prices,  which  must 
be  paid  by  the  consumer.  Users  of  liquid  fuels  of  the  heavier 
types  know  how  difficult  it  becomes  to  enter  into  any  sort  of 
contract  for  supplies,  and  that  when  sums  of  money  have  been 
expended  in  fixing  apparatus  for  burning  heavy  liquid  fuels,  the 
price  of  such  a  fuel  is  raised  until  no  economy  results  in  return 
for  the  change. 

As  regards  the  lighter  fractions,  some  idea  of  the  fluctuation 
in  price  can  be  gathered  from  the  following  list  of  prices  to 
agents  in  London,  for  spii'it  delivered  in  cans  and  cases  : — 

Per  Gallon 

November  1904 Id. 

November  20,  1905     ..      ..      8d. 

January  19,  1906         Od. 

February  21,  1906       9hd. 

May  H,  1906 lOf/. 

August  2,  1906 Ud. 

December  24,  1906 I'-'xI. 

July  26,  1907       12d. 

The  final  reduction  of  one  penny  occurred  simultaneously  with 
the  issue  of  the  report  of  the  Fuels  Committee  of  the  Motor 
Union. 

This  serious  rise  in  price  has  proved  almost  disastrous  to 
users  of  commercial  and  public  vehicles,  particularly  motor 
omnibuses,  in  connection  with  which  the  margin  of  profit  is  so 
small.  The  larger  companies  have  contracted  for  supplies  at  a 
low  figure,  but  the  early  contracts  are  now  expiring.  All  the 
later  contracts  have  been  made  at  higher  figures,  and  whilst  the 
earnings  remain  the  same  the  profits  must  decrease. 

Tliis  all  points  to  the  necessity  of  healthy  competition  in  the 
fuel  market,  and  several  alternative  fuels  have  been  suggested 
for  use  in  a  high  si)eed  internal  combustion  engine. 

Benzol. 

When  we  look  for  a  substitute  for  petrol,  a  home  produced 
fuel,  which  can   be  utilised   without  in   any   way  altering  the 
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existing  arrangements  of  the  engine  or  carburetter,  undoubtedly 
holds  out  great  hopes.  Such  a  fuel,  known  as  benzol,  is  a 
distillate  of  coal  tar,  or  can  be  extracted  from  coal  gas.  It  is  a 
light  hydro-carbon,  CgHg,  and  is  a  clear  liquid  similar  in 
appearance  to  petrol,  but  having  a  slight  smell  of  sulphur,  due 
to  the  presence  of  about  150  grains  of  sulphur  compounds  per 
gallon.  The  specific  gravity  of  pure  benzol  is  0-885,  boiling 
point  80°  C.  or  176°  F. 

Total  evaporation  point  of  crude  benzol  145°  C.  or  293°  F., 
and  1  gallon  contains  163,680  liritish  thermal  units  of  heat,  as. 
against  157,142  B.T.U.  for  petrol,  and  has  an  explosive  range 
from  2  •  7  to  6  •  3  per  cent. 

The  largest  source  of  supply  is  from  coke  ovens  or  gas 
works. 

In  the  modern  systems  of  coke  manufacture  for  iron  smelt- 
ing the  by-products  obtained  in  the  distillation  of  coal  are 
collected  instead  of  being  allowed  to  go  to  waste,  as  in  the  old 
style  of  beehive  oven.  The  benzol  obtained  in  the  gases  from 
distillation  is  readily  absorbed  by  means  of  suitable  oils,  from 
which  it  is  afterwards  extracted  by  distillation. 

Commercial  "90  per  cent,  benzol"  is  a  spirit  of  which 
90  per  cent,  evaporates  in  a  retort  at  a  temperature  of  120°  C,. 
and  the  production  of  which  amounts  to  about  5,000,000 
gallons  per  annum  in  this  country.  This  supply  could  be 
largely  increased  by  the  installation  of  suitable  recovery  plant, 
should  the  demand  warrant  this  expenditure.  The  supply 
could  thus  be  doubled  within  a  very  short  time.  The  present 
price  of  this  fuel  wlien  refined  is  about  9^.  to  lOr^.  per  gallon  at 
the  makers'  works,  the  process  of  refining  and  washing  costing 
about  Id.  to  2c?.  a  gallon.  The  process  of  washing  by  means  of 
sulphuric  acid  and  soda  i)artially  eliniinates  the  sulphur  com- 
pounds, but  unwashed  benzol  might  be  made  suitable  for  motor 
car  work  by  distilling  out  the  lighter  portions,  and  with  them 
the  bulk  of  the  impurities. 

With  regard  to  the  use  of  90  per  cent,  benzol  as  a  motor 
fi:cl  i]ie  author  has  made  a  number  of  experiments,  the  results 
of  some  of  wljich  are  given  below,  and  can  be  compared  with 
those  previously  given  for  petrol  of  various  densities. 

Long  Test. 

Miles  per  ...  .  lOV^  ,, 

'gallon.  (J  ^  jyo 

Benzol,  8j).gr.  0-875  27-2  IIG  miles  14-8  1 

Shout  TEhTs. 

»»  »  24  14  miles  12-25    in  tmfiic. 

n  «  22  15     „  12-4 
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The  (listances  travelled  per  gallon  compare  very  favourably 
with  tlie  best  results  obtained  with  petrol,  viz. : — 
0"715  sp.  gr.,  18  miles  per  gallon. 
0-760       „       21-5 
The  engine  pulled  well,  and  the  speed  of  the  car  was  kept  about 
the  same  as  wlien  using  petrol. 

The  autlior  finds  that  on  some  occasions  it  is  advisable  to 
use  rather  a  larger  jet  with  benzol  than  witli  petrol,  but  care 
must  be  taken  to  admit  sufficient  air,  or  sooting  takes  place 
inside  tlie  cylinder.  The  smell  of  the  licpiid  in  the  uuburnt 
state  is  slightly  more  noticeable  in  tlie  case  of  benzol,  but  the 
exhaust  gases  have  little  smell  and  no  tendency  to  smoke. 

Alcohol. 

In  spite  of  what  has  been  said  against  alcohol  as  a  motor 
fuel,  it  is  the  author's  opinion  that  alcohol  has  great  possibilities 
in  this  direction.  A  clear  statement  is  given  in  the  lieport 
dated  July,  1907,  of  the  Fuels  Committee  of  the  Motor  Union 
as  to  the  requirements  and  behaviour  of  this  fuel  and  to  the 
high  compression  necessary  to  obtain  the  best  results. 

The  author  has  obtained  samples  of  commercial  methylated 
alcohol  having  a  sp.  gr.  of  0'83:>,  and  with  them  conducted  a 
number  of  tests,  using  other  ingredients  in  varying  pro])ortions. 
He  has  succeeded  in  running  his  motor  car  satisfactorily  upon 
these  mixtures  and  also  with  alcohol  mixed  with  only  25  per 
cent,  of  another  fuel. 

The  fact  is  here  stated  in  order  to  refute  many  biased 
o})inions  which  have  been  expressed  of  late  as  to  the  impractica- 
bility of  alcohol  as  a  fuel  for  this  purpose.  Sir  Marcus  Sanmel, 
in  the  speech  previously  referred  to,  remarked  with  reference  to 
alcohol :  "  Although  alcohol  might  prove  an  excellent  bogey 
with  which  to  attempt  to  frighten  the  producers  of  petrol,  they 
did  not  entertain  the  smallest  misgiving  that  this  s\nvit  could 
ever  become  a  competitor  to  their  petrol,  for  the  sinqde  reason 
that  it  did  not  contain  those  qualities  essential  for  the  running 
of  motor  vehicles." 

Considering  now  these  essential  qualities,  the  properties  of 
alcohol  may  be  briefly  summarised  as  follows :  ethyl  alcohol 
CaHfiO,  a  volatile  colourless  li(|uid  with  a  specific  gravitv  of 
0-800  at  O''  C.  Calorific  value  about  12,000  li.T.lJ.  per  lb. 
Boiling  point  78°  C.  Explosive  range  4  to  13 '6  per  cent,  with 
air. 

Methylated  spirit,  consisting  of  90  per  cent,  ethyl  alcohol 
and  10  per  cent,  methyl  alcohol  (CH4O),  has  a  calorific  value  of 
about  11,00(1  iJ.T.U.  per  lb. 
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The  following  is  an  approximate  comparison  : — 


Petrol  0-722 

Methylated  spirit 

Calorific  value  in  B.T.U.  per  lb 

20,000  (gross) 

11,000  (gross) 

Net  ealoiitic  value   per  lb.,  i.e.   heat  con- 
verted into  work 

4248  B.T.U. 

3322  B.T.U. 

Thermal  efficiency  = 

21  per  cent. 

30  per  cent. 

Heat  converted  into  work  =  Calorific  value 

_ 

•• 

In  practice,  a  petrol  motor  rarely  exceeds  a  thermal  efficiency 
of  18  per  cent.,  whilst  with  an  alcohol  motor  the  highest  effi- 
ciency is  readily  obtained,  and,  considering  that  a  gallon  of 
alcohol  weighs  about  12  per  cent,  more  than  that  of  the  petrol, 
the  net  value  per  unit  volume  is  about  the  same.  A  great 
advantage  of  alcohol  is  its  uniformity  of  composition,  the  whole 
of  the  spirit  distilling  over  at  a  temperature  of  about  78°  C. 


DISCUSSION. 

The  Chairman  moved  a  vote  of  thanks  to  the  author  for  the 
paper  which  he  had  just  read.  They  would  all  agree  that  this 
question  was  one  of  very  great  importance  at  the  present  time. 
It  would  be  observed  that  the  author,  being  a  member  of  the 
Automobile  Club,  had  spoken  rather  in  reference  to  road  traction  ; 
but  the  question  embraced  a  very  much  wider  field,  ranging 
from  the  beautiful  airship,  which  some  of  them  had  been 
examining  at  the  Crystal  Palace  that  day,  to  the  somewhat  larger 
vessel  which  had  started  on  its  second  voyage  across  to  America, 
perhaps  to  lower  the  record.  Anything  which  would  tend  to 
increase  their  acquaintance  with  the  special  qualities  of  liquid 
fuels  was  of  very  great  importance.  Mr.  Brewer,  as  they  knew, 
was  an  authority  on  the  subject,  and  the  Society  was  much 
obliged  to  him  for  bringing  the  question  forward  in  the  able  and 
interesting  way  that  he  had  done. 

The  vote  of  thanks  was  carried  by  acclamation. 

Mr.  Alexander  Duckham  said  that  he  spoke  as  a  motorist, 
and  did  not  know  very  much  about  stationary  engines.  In  the 
first  place  he  would  like  to  ask  the  author  why  he  mentioned 
350'^  F.  as  being  the  point  which  one  should  fix  for  oil  for  use 
on  l)oard  vessels.      It  seemed  to  him  that  it  could  be  made  very 
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much  lower.  If  they  were  going  to  stipulate  350°  F.,  they 
might  go  up  to  700°  F.  or  something  of  that  sort  to  guard 
against  extraordinary  circumstances  and  still  not  be  safe.  They 
needed  only  to  protect  themselves  against  the  ordinary  local 
risks,  such  as  the  temperature  of  the  atmosphere.  If  they  were 
going  to  introduce  an  arbitrary  standard  of  350^,  wliich  was 
about  the  flash-point  of  spindle-oil  or  light  lu])ricating  oil,  they 
would  reduce  the  source  of  supply  very  considerably,  and  increase 
tlie  difficulty  of  securing  complete  combustion. 

There  was  another  question  upon  which  he  would  like  to  ask 
the  author  to  give  information.  Supposing  that  one  was  using 
a  fuel  which  distilled  under  300°  F.,  such  as  the  ordinary  petrol, 
and  they  used  in  its  place  another  fuel  which  distilled  at  perhaps 
500°  F. ;  now  if  the  fuel,  the  carburetter,  and  the  induction  pipe 
were  heated  to  200°  higher  than  with  the  former  fuel,  would  as 
good  a  result  in  the  engine  be  obtained  as  with  the  lighter  spirit 
running  under  ordinary  conditions  ?  Would  the  extra  amount 
of  heat  have  the  desired  effect  ?  Under  those  circumstances 
there  would  be  no  chemical  change  of  any  kind,  as  the  tempera- 
ture would  not  be  high  enough  to  have  such  effects. 

He  was  very  glad  to  see  that  Mr.  Brewer  mentioned  the 
bogey  of  specific  gravity.  The  question  of  specific  gravity  in 
fuel  questions,  was  almost  as  bad  as  in  the  lubricating  question, 
where  a  man  thought  that  he  must  have  a  high  specific  gravity 
in  order  to  obtain  a  good  viscosity.  Of  course,  the  two  did  not 
necessarily  run  together.  It  seemed  to  him  tliat  the  distillation 
point  was  not  of  much  importance,  because,  as  the  paper  showed, 
the  vaporisation  was  really  tlie  criterion.  The  vaporisation  did 
not  correspond  with  the  boiling  point.  Take,  on  Mr.  Brewer's 
table,  the  case  of  commercial  alcohol,  where  the  boiling  point 
was,  perhaps,  from  75°  to  85°  C,  and  take  the  Borneo  spirit, 
which  boiled  between  50°  0.  and  150°  C,  a  very  much  larger 
range.  In  the  case  of  the  commercial  alcohol,  where  tliev  liad  a 
range  of  only  10°,  starting  at  about  75°,  the  vaporisation,  \\v 
should  have  thought,  would  liave  been  far  more  rapid  than  in 
the  case  of  the  Borneo  spirit,  where  there  was  a  veiy  big  range, 
but  the  table  showed  that  this  was  not  so.  He  did  not  know 
whether  experiments  had  been  made,  by  which  one  could  com- 
pare the  distillation  point  with  the  vaporisation. 

Mr.  Brewer  had  introduced  a  rather  disturbing  figure  at  any 
rate  for  the  motorist — he  (the  speaker)  did  not  know  how  it 
affected  other  people — when  he  spoke  of  a  carburetter  loss  of  15 
per  cent.  That  seemed  to  him  to  be  very  heavy,  and  he  did  not 
quite  see  where  this  loss  came  in,  unless  it  was  just  a  (juestion 
of  leakage  in  the  carburetter.  Unless  there  was  a  leakage  it 
ought  to  go  into  the  engine.     He  made  an  experiment  some  time 
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ago  which  rather  bore  upon  this  point,  and  he  would  mention  it 
later  as  a  loss  discovered  in  the  exhaust.  With  reference  to 
Eussian  spirit,  they  knew  that  in  Eussia  there  was  very  little 
spirit.  It  amounted,  he  believed,  to  somewhere  about  1  per 
cent.,  and  perliaps  not  that  on  an  average.  It  must  be  remem- 
bered that  the  refiners  had  to  get  rid  of  the  spirit,  as  they  could 
not  send  any  oil  out  into  the  market  containing  the  spirit.  They 
had  therefore  to  distil  in  any  case,  and  so  he  supposed  that  the 
spirit  went  into  tlie  petrol  market,  but  the  amount  was  so  small 
that  it  really  could  not  be  considered  as  a  source  of  supply.  At 
the  present  moment  it  was  only  the  high  price  of  the  spirit  that 
encouraged  the  Borneo  market.  The  freight  from  Borneo^  he 
should  think,  must  be  well  over  2d.  per  gallon,  and  that  was  a 
very  big  proportion  to  pay  for  freight.  If  the  price  of  petrol 
dropped  to  the  figure  of  some  years  ago,  the  Borneo  market 
would  hardly  be  able  to  compete  in  the  supply. 

He  should  like  to  ask  Mr.  Brewer  whether  he  found  that  the 
high  specific  gravity  of  benzol  made  much  difference  in  the  feed 
from  the  carburetter.  It  had  struck  him  that  the  specific  gravity 
of  benzol  being  about  0*880,  and  the  specific  gravity  of  the 
petrol  being  perhaps  about  0  •  720,  the  level  of  the  float  in  the 
float-chamber  was  very  different,  that  is  roughly  20  per  cent, 
lower.  It  must  require  increased  suction  to  raise  the  spirit  from 
the  jet,  and  of  course,  this  would  automatically  reduce  the  supply 
of  the  richer  fuel.  Again,  with  regard  to  benzol,  he  would  like 
to  ask  whether  Mr.  Brewer  ever  found  that  the  benzol  being  so 
very  high  in  calorific  value,  owing  to  the  presence  of  a  large 
percentage  of  carbon,  gave  any  trouble  with  high  compression. 
On  one  of  his  cars  he  had  had  a  lot  of  trouble  in  that  respect,  not 
only  with  benzol,  but  with  "  Borneo  "  spirit.  Borneo  spirit  con- 
tained a  large  amount  of  benzol  ;  he  thought  about  25  per  cent. 
He  found  on  one  of  his  cars  that  with  very  high  compression  on 
"  Borneo,"  he  at  once  pre-ignited,  and  he  could  not  run. 

Some  time  ago  he  made  some  experiments.  He  ran  an  or- 
dinary Pratt  spirit,  which  distilled  between  50°  and  160''  C,  and 
he  found  that  from  his  exhaust,  putting  the  condenser  on  to  his 
silencer,  he  collected  spirit.  It  had  gone  right  through  the 
engine,  only;, the  heavier  portions  of  the  spirit  however  so  doing. 
As  it  was  only  these  heavier  fractions  which  he  condensed,  he 
came  to  the  conclusion  that  the  lighter  fractions  had  been  vapor- 
ised and  used,  whereas,  perhaps,  the  heavier  fraction  had  gone 
through  as  an  atomised  liquid,  and  that  the  lighter  fractions  as 
vapour  had  been  preferentially  selected  for  combustion.  Instead 
of  using  spirit  boiling  at  from  50'^  to  ISO''  C,  he  took  only  that  frac- 
tion boiling  at  from  50"^  to  100*^  C.  Previously  he  had  been  getting 
about  22  miles  to  a  gallon,  but  with  the  lower-boiling  spirit  he 
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got  from  38  to  39  miles  to  the  gallon,  and  could  condense  abso- 
lutely no  spirit  at  the  exhaust. 

yir.  W.  H.  Booth  said  tliat,  when  he  first  took  an  interest 
in  liquid  fuel,  he  came  to  the  conclusion  that  li(juid  fuel  could 
never  become  a  commercial  success  on  a  generally  large  scale, 
and  that  it  could  be  used  only  for  special  purposes,  that  is  to 
say,  under  the  conditions  prevailing  at  that  time.  He  was  not 
aware  that  the  conditions  were  very  different  to-day.  The 
amount  of  liquid  fuel  at  the  time  lie  mentioned  was  only  about 
5  per  cent,  of  the  total  fuel  production  of  the  world,  and  so 
people  who  at  that  time  were  advocating  the  universal  use  of 
liquid  fuel,  had  evidently  not  taken  into  consideration,  the  fact 
that  the  proportion  was  so  very  small  that  liquid  fuel  could 
never  become  universal.  It  could  be  used  only  for  special 
purposes,  such  as  in  motor  cars  or  for  naval  purposes.  There 
was  a  source  of  supply,  as  the  author  had  pointed  out,  from  the 
distillation  of  coal.  A  great  deal  had  been  heard  recently  about 
the  new  fuel  coalite,  which  seemed  to  him  to  be  simply  a  form 
of  ordinary  coke.  There  must  be  an  enormous  amount  of  by- 
products in  the  production  of  that  material,  and  they  ought, 
therefore,  to  procure  a  lot  of  liquid  fuel  suitable  for  motor  car 
work  or  heavier  engine  work  by  properly  utilising  all  the  coal. 
In  that  way  they  would  also  prevent  smoke,  because  they  would 
use  the  coal  for  steam-raising  purposes  and  would  make  no 
smoke.  Petrol,  at  present,  did  not  seem  to  him  what  might  be 
called  a  commercial  fuel.  It  was  getting  short  in  quantity,  and 
its  production  generally  was  short.  That,  he  thought,  must  be 
the  reason  why  the  price  varied  so  much,  rather  than  the  greed 
of  the  producers.  Anybody  who  held  a  material  of  which  the 
supply  was  short,  would,  he  thought,  get  the  highest  price  that 
he  could  get  for  it.  That  showed  that,  if  light  liquid  was  to  be 
used  for  motor  cars  in  the  future,  the  supply  must  be  obtained 
from  some  other  source  in  the  shape  of  benzol.  There  was  also 
the  fact  that  petrol  was  not  a  homogeneous  liquid.  It  was  a 
mixture  of  several  liquids  of  different  specific  gravities.  Some 
time  ago  he  was  trying  to  get  a  pul)lic  institution  lighted  by 
some  people  who  had  made  a  very  great  profession  of  what  they 
could  do  with  i)etrolised  air.  'I'hey  did  not  niake  a  success  of 
it,  and  he  pointed  out  to  them  that  the  mistake  which  they  were 
making  was  that  they  were  endeavouring  to  petrolise  the  air  by 
taking  the  air  to  the  petrol,  instead  of  taking  the  petrol  to  the  air. 
That  made  a  great  deal  of  difference.  If  the  air  was  taken  to  the 
petrol,  the  air  selected  the  lighter  portions  and  left  the  heavier 
portions  behind.  He  found  that,  when  they  were  getting  results, 
they  were  running  away  all  the  heavy  portions  which  were,  left 
behind,  so  that  the  consumj)tion  of  petrol  was  really  enormous. 
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The  other  day  at  the  Engineering  Exhibition  at  Olympia,  he 
saw  another  petrolisecl  gas  installation,  and  it  seemed  to  be 
doing  very  well.  He  asked  them  how  they  made  their  mixture, 
and  they  told  him  that  they  carried  the  petrol  into  the  air. 
They  got  a  jet  every  few  seconds,  so  that  tlie  whole  of  the  jet 
was  evaporated  and  the  whole  of  the  liquid  was  used.  That 
seemed  to  him  to  be  the  proper  way.  It  also  pointed  to  the 
mechanical  carburetter  being  the  proper  thing  for  motor  vehicles, 
and  other  vehicles  of  the  same  sort.  A  jet  of  petrol  must  be 
taken  and  injected  into  the  air  The  air  could  not  be  allowed 
simply  to  select  for  itself  from  the  carburetter.  Otherwise,  as 
he  could  easily  see,  the  carburetter  waste  of  15  per  cent,  referred 
to  by  the  author  might  easily  be  obtained.  He  had  often  seen 
motorists  opening  a  tap  on  their  vehicles  and  running  out  what 
they  called  useless  petrol  into  the  road.  It  seemed  to  him  to 
be  stuff  which  was  left  behind  by  the  improper  form  of  car- 
buretter employed.  Generally  for  motor  car  work  the  time 
would  come  when  heavy  oils  would  be  used.  He  meant  crude 
oils.  A  few  weeks  ago,  when  he  was  in  Toronto,  his  attention 
was  called  to  a  heavy  oil  engine,  different  fiom  any  engine  he 
had  ever  seen.  There  was  a  compression  of  pure  air,  and  the 
fuel  was  injected  into  the  air  just  at  tlie  point  when  ignition 
was  required.  The  cylinder  was  water-jacketed  up  to  the  work- 
ing point  of  the  piston,  and  then  on  the  back- of  the  piston  was 
a  considerable  length,  an  additional  length,  in  the  form  of  a 
cast  iron  bell  almost  filling  the  cylinder.  The  back  portion  of 
the  cylinder  was  not  jacketed,  but  always  remained  hot.  He 
watched  the  engine  at  work,  in  fact,  several  of  them.  There 
was  a  large  number  of  engines  under  manufacture  in  the  shop 
As  far  as  he  could  learn,  the  Johnston  engine  had  been  altoc^ether 
successful.  He  inquired  as  to  whether  thei'e  were  any  great 
failures  of  the  hot  portion  at  the  back  of  the  cylinder,  and  he 
was  told  not.  The  cylinder  was  always  hot  at  the  back.  Any 
lieavy  drops  of  liquid  falling  upon  the  hot  portions  of  the 
cylinder  were  vaporised,  the  result  being  that  the  whole  of  the 
fuel  was  consumed.  The  cylinder  was  kept  hot  in  the  combus- 
tion space  instead  of  being  chilled  by  jackets,  and  there  was  no 
difficulty  with  the  work  of  the  piston,  simply  because  the 
cylinder  was  extended,  and  the  piston  was  extended  also,  and 
so  the  hot  gases  did  not  reach  the  jacketed  portion  in  any  way. 
Alcohol  was  a  homogeneous  fuel,  and  he  did  not  see  why  alcohol 
should  have  any  difficulties  as  regards  use  as  a  liquid  fuel  in  a 
motor  car.  It  should  do  pretty  well.  It  was  not  entirely  a 
hydro-carbon,  and  there  was  a  considerable  proportion  of  water 
in  its  composition,  that  is  to  say,  oxygen  which  was  more  or  less 
combined    with    hydrogen,    so    that    its    calorific   capacity  was 
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reduced,  and  there  was  a  tendency  to  form  certain  acids  which 
gave  trouble,  but  he  was  told  that  to  a  great  extent  the  troubles 
had  been  overcome.  He  should  like  to  ask  Mr.  Brewer  some- 
thing more  about  the  carburetter  loss  of  15  per  cent.,  and 
whether  it  wms  due  to  tlie  cause  he  had  endeavoured  to 
indicate. 

Mr.  A.  Bkeby  Thompson  said  he  was  afraid  that  he  could 
not  say  very  mnch  ulnmt  small  internal  combustion  engines, 
because  his  experience  had  been  with  engines  of  low  speed  and 
much  greater  power.  Being  associated  with  oil  fields  all  over 
the  world,  he  naturally  tried  to  utilise  internal  combustion 
engines  as  much  as  possil)le.  He  was  afraid  tliat  purchasers  gave 
makers  in  England  a  considerable  amount  of  trouble,  for  they 
ordered  an  engine  for  one  purpose  and  promptly  used  it  for 
another.  Perhaps  they  had  a  kerosine  engine  sent  out,  and, 
before  they  knew  what  was  going  on  it  was  being  used  with 
"  crude "  oil.  In  the  same  way  they  sometimes  had  an  oil 
engine  which  they  tried  to  convert  to  gas.  lieally,  they  did  a 
very  great  deal  of  experimenting  in  that  way  and  they  got  some 
rather  curious  results  at  times.  He  thought  that  the  internal 
combustion  engine  had  a  very  great  future  before  it.  In  Baku 
the  cost  of  production  of  oil  was  rising  enormously,  and  as  fuel 
constituted  the  chief  cost  in  raising  the  oil  it  was  the  item  to  be 
considered  most.  He  believed  that,  although  electrical  power 
was  being  generated  at  a  very  cheap  rate,  and  large  gas  fields 
were  being  opened  within  the  vicinity  of  oil  fields,  Hornsby- 
Ackroyd  oilengines  were  being  largely  introduced  into  the  Baku 
oil  fields.  A  number  of  years  ago  he  remembered  a  single  isolated 
well  working  with  steam,  which  cost  appnjximately  50/.  monthly 
in  fuel  and  water.  The  replacement  of  the  steam  engine  by  a 
Hornsby-Ackroyd  oil  engine  led  to  a  monthly  saving  of  40/.,  the 
cost  of  running  being  one-fifth  that  of  the  steam  engine.  That 
showed  the  enormous  saving  which  could  be  nuxde  by  using 
internal  combustion  engines  in  special  cases.  In  oil  fields  all 
over  the  world,  where  they  were  not  under  legal  restrictions  as 
they  were  in  England,  they  naturally  experimented  much  more 
than  they  would  dare  to  do  in  this  country. 

One  company  with  which  he  was  professionally  associated 
sent  a  tank-ship  on  a  very  long  voyage  with  crude  oil.  He  knew 
that  the  crude  oil  used  contained  quite  a  large  percentage  of 
fractions  which  had  a  boiling  point  certainly  below  70°,  but  still 
the  boat  performed  the  voyage  to  the  satisfaction  of  the  engineers. 
Naturally  there  was  a  little  danger,  but,  if  the  joints  were  all 
carefully  made,  the  ventilation  properly  attended  to,  and  great 
precautions  adopted  on  board  as  is  usual  on  a  tank  steamer, 
there  is  no  reason  why  such  crude  oils  should  not   be  used.     In 
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the  Navy  tlie  safest  materials  must  be  used,  but  on  tank  ships 
there  is  no  serious  reason  why  the  lighter  grade  fuels  should  not 
be  burnt.  In  South  America  a  company  supplied  fuel  oil  for 
tlie  railways.  At  one  time  the  railways  were  supplied  with 
residuum,  but  after  a  time  when  residual  oil  was  scarce,  crude  was 
added  to  the  residuum.  At  times  the  railways  had  taken 
crude  oil  entirely,  and  he  believed  they  had  never  had  an  acci- 
dent, and  were  quite  satisfied  with  the  results. 

He  believed  that  there  was  a  very  great  future  before  the 
use  of  liquid  fuel,  although  Mr.  Booth  seemed  to  think  that  its 
use  would  always  be  strictly  limited,  owing  to  the  shortness  of 
supply.  He  supposed  that  in  time  the  best  coal  would  become 
exhausted,  or  that,  at  any  rate,  it  would  become  much  more 
expensive,  thus  leading  to  a  demand  for  a  high-class  substitute. 
Whilst  the  Pennsylvania  fields,  and  other  eastern  American  fields 
were  practically  exhausted,  or  the  production  from  them  was  so 
small  that  it  scarcely  paid  unless  they  had  a  very  high  grade  oil, 
there  were  large  sources  of  supply  in  Trinidad,  New  Zealand,  and 
in  West  Africa  awaiting  active  development.  He  said  that 
possibly  those  present  had  noticed  recently  in  the  press  some 
niisleading  statements  to  the  effect  that  the  Government  were 
erecting  very  large  storages  about  the  English  coast  for  Nigerian 
oil.  Still  in  Nigeria,  they  had  a  source  of  supply,  and  he  thought 
that  within  ten  years  Nigeria  would  be  producing  large  supplies 
of  oil.  Then  in  India,  Assam  and  Burmah,  there  were  large 
sources  of  supply  too,  and  the  fuels  from  there  were  bound  to 
come  forward  during  the  next  few  years.  In  Eussia,  out  of 
something  like  ten  thousand  square  miles  of  known  petroliferous 
ground,  only  six  or  eight  square  miles  were  being  worked — 
certainly  not  more  than  ten  square  miles  were  being  worked,  and 
yet  those  ten  square  miles  had  in  the  past  supplied  half  the 
world's  production.  It  was  unlikely  that  those  small  areas 
should  be  the  only  such  rich  pieces  of  oil-bearing  ground  to  be 
found  in  the  world.  It  was  probable  that  there  would  be  found 
something  of  the  same  sort  in  our  own  colonies,  when  certain 
active  prospecting  had  further  developed.  The  Dutch  East 
Indies  were  supplying  a  very  large  percentage  of  the  petrol 
coming  into  England.  He  had  been  told  by  people  who  had 
visited  the  Dutch  East  Indies  that  there  were  thousands  of  square 
miles  of  land  there  likely  to  produce  oil.  If  that  were  the  case 
there  were  encjrmous  resources  both  of  motor  spirit  and  fuel  oil 
to  fall  back  upon.  If  only  oil  were  more  generally  worked  by 
a  number  of  small  companies,  instead  of  by  a  few  very  large 
ones,  there  would  be  much  better  and  cheaper  sources  of  supply. 
Oil  could  not  be  distributed  without  enormous  expenditure  in 
installations  and  tank  ships,  and  that  fact  kept  out  usually  the 
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small  ])r()ducer,  who  naturally  must  sell  his  oil  to  the  big  people 
for  them  to  market. 

He  had  recently  had  brought  to  his  notice  a  new  boiler  in 
which  liquid  fuel  was  consumed  in  the  water  itself.  There 
were  no  tubes  or  combustion  chambers,  l)ut  by  means  of  com- 
pressed air  at  a  little  liigher  pressure  than  the  boiler,  oil  was 
injected  into  the  l)oiler  and  completely  burnt  in  the  presence  of 
water.  By  that  means  very  great  economy  was  obtained,  owing 
to  the  immediate  absorption  of  the  heat  generated  and  the 
intense  circulation  got  up,  and  it  was  estimated  that  the  boiler 
space  occupied  was  about  one-tenth  of  what  an  ordinary  boiler 
of  equal  capacity  would  occupy.  The  amount  of  air  wliich  had 
to  be  used  with  the  oil  to  produce  complete  combustion,  natur- 
ally prevented  ordinary  condensing  engines  being  used,  because 
the  quantity  of  air  was  so  great  that  the  air-pumps  would  have 
to  be  very  large.  Evaporation  tests  showed  something  like 
18  lb.  of  water  per  lb.  of  oil.  In  such  an  invention,  they  had 
something  which  might  revolutionise  locomotives,  for  instance, 
where  the  limit  of  size  had  already  been  reached,  but  liquid 
fuel  was  essential. 

Mr.  McKiNNEY  said  he  thought  that  it  would  have  been 
better  if  the  author  had  gone  further  with  the  experiments 
recorded  in  the  first  table  ;  that  is  to  say,  if  he  had  tried  differ- 
ent temperatures  with  a  constant  air  velocity,  and  vice  versa. 
Where  they  had  two  variants  occuiTing  in  alternate  e(|uations, 
one  did  not  get  so  much  information  as  one  would  like  to  have. 
Perhaps  the  author  had  carried  out  further  experiments  of  which 
they  did  not  see  the  result  in  the  paper.  With  reference  to  the 
advantage  of  compression  in  the  cylinder  of  an  internal  com- 
bustion motor,  he  asked  whether  there  was  any  advantage  from 
using  a  weaker  mixture  than  is  usual  with  a  C()m})ression  of  six 
or  even  more  atmospheres. 

He  (the  speaker)  found  that  it  was  ditUcult  to  cure  the  pre- 
ignition  of  tne  charge,  owing  to  the  heat  generated  by  the  iiigh 
compression.  Possibly  it  was  owing  to  the  inaccurate  kind  of 
atomising  apparatus  in  the  carburetter  with  which  he  experi- 
mented. The  author,  in  referring  to  alcohol,  said  it  would  give 
the  highest  efficiency.  He  presumed  that  he  meant  this  as  a 
sort  of  comparative  relationship  to  petrol.  He  thought  that  it 
was  admitted  that  alcoliol  did  not  give  much  more  than  20  per 
cent,  or  perhaps  25  })er  cent.  Mr.  Booth,  when  speaking  of 
alcohol,  said  that  there  was  no  disadvantage,  as  far  as  he  knew, 
in  regard  to  using  alcohol.  He  (the  speaker)  thought  that 
there  was  one  practical  disadvantage,  in  the  ililliculty  a  private 
user  wouhl  find  in  maintaining  it  in  a  pure  state,  because  it 
had  such  an  extraordinary  afiinity  for  water.      If  a  man  like  the 
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ordinary  user  of  a  motor  car  took  up  alcohol  as  fuel,  he  would 
need  to  have  this  particular  point  brought  to  his  notice,  other- 
wise he  would  find  that  his  engine  would  start  on  that  fuel  one 
day,  while  on  another  it  would  do  nothing  of  the  kind. 

As  to  the  point  about  the  15  per  cent,  leakage  of  the  car- 
buretter, perhaps  Mr.  Brewer,  in  speaking  of  that,  referred  to 
the  influence  of  the  movement  of  the  inlet  valve  on  the  contents 
of  the  induction  pipe.  When  experimenting  with  an  engine 
of  the  single  cylinder  type,  he  found  that  the  blow-back  there, 
in  connection  with  the  vibration  of  the  needle  in  the  carburetter 
caused  as  great  a  loss  at  times  as  40  per  cent,  of  the  fuel.  This 
depends  partly  upon  the  nature  of  the  engine,  and  partly  upon 
the  carburetting  or  atomising  agent  in  use. 

Mr.  Veitch  Wilson  said  he  had  hoped  that  perhaps  he 
would  be  able  to  find  in  Mr,  Brewer's  lecture  some  arguments 
or  facts  which  would  enable  him  the  better  to  deal  with  the 
question  of  lubrication  in  which  he  was  more  particularly  in- 
terested. His  friend,  Mr.  Duckham,  would  sympathise  with 
him,  and  perhaps  some  of  tlie  representatives  of  other  oil 
makers  present  would  take  the  same  view.  Mr.  Brewer  very 
ingeniously  avoided  almost  entirely  what  was  a  somewhat 
thorny  question.  He  (the  speaker),  however,  had  been  able  to 
deduce  from  Mr.  Brewer's  remarks  some  incidental  confirmation 
of  a  theory  of  his  own,  which  was  that  the  lubricating  oil  is  not 
always  responsible  for  all  the  deeds  and  misdeeds  which  are 
attributed  to  it.  Mr.  Brewer  had  told  tliem  that  in  his  own 
experience  he  found  deposits  frequently  formed  from  various 
fuels.  That  had  been  his  (the  speaker's)  own  idea.  The  diffi- 
culty had  been  to  convince  the  users  of  the  cars  that  those 
deposits  came  from  the  petrol,  and  not  from  the  lubricating  oil. 
When  engiiged  in  rebutting  such  charges  against  lubricating  oil, 
lie  liad  occasionally  derived  some  comfort  from  the  thought  that, 
perliaps,  when  the  motorist  comjdained  of  deposits  in  his  motor, 
and  attiibuted  them  to  the  lubricating  oil,  at  the  same  time  he 
wrote  in  similarly  vigorous  terms  to  the  spirit  merchant,  and  told 
him  tliat  the  deposits  in  his  cylinder  were  coming  from  the  spirit. 
After  the  able  manner  in  which  the  leading  questions  raised 
in  the  ])aper  had  been  discussed  })y  previous  speakers,  there  was 
very  little  left  to  be  said,  but  lie  would  like  to  know  from 
Mr.  Biewer  the  ])articiilar  sense  in  which  he  used  the  word 
"residual."  Formerly,  he  (the  speaker)  was  connected  some- 
what intimately  with  the  Scotch  oil  trade,  and  in  that  particular 
trade  they  ajjplied  the  word  "  residual  "  mainly  to  "  still  bottoms  " 
and  "  acid  tars."  Ordinarily,  in  the  oil  trade,  the  word  "  residual  " 
was  applied  to  what  was  really  the  final  residue  left,  an  article 
of  little  or  no  comuiercial  value.     Those  residuals  were  obtained 
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from  the  bottoms  of  tlie  still,  and  were  more  or  less  neutral. 
The  still  used  to  be  run  down  occasionally  to  coke,  which  was 
used  for  burning  or  for  making  founder's  blacking.  Sometimes 
it  was  taken  o&  at  an  earlier  stage  and  used  for  asphalt  for 
making  up  roads.  The  other  residual,  one  which  used  to  come 
in  for  liquid  fuel  thirty  or  forty  years  ago,  was  the  acid  tar. 
It  was  a  very  great  nuisance  to  the  oil  refiners  in  Scotland. 
Tliey  kept  burying  it  in  pits  till  there  were  no  pits  left  to  bury 
it  in.  Tlien  they  erected  brick  furnaces  in  which  the  stuff  was 
burnt.  That  made  a  black  smoke  rise  all  round  the  furnaces, 
and  there  was  trouble  with  the  farmers,  and  that  was  stopped. 
Then  they  began  to  experiment  with  a  view  to  the  use  of  the 
stuff  as  fuel  in  furnaces.  One  of  the  first  men  who  applied  it 
in  connection  with  steamships  was  Mr.  William  Maclaren,  the 
manager  of  a  steamship  line  running  out  of  Glasgow  and  an 
enthusiast  in  the  matter.  After  a  good  deal  of  trouble,  he 
adapted  one  of  his  ships  to  burn  liquid  fuel,  but,  when  he  had 
succeeded  in  adapting  that  vessel  to  burn  liquid  fuel,  the  price 
went  up,  and  he  found  that  he  could  not  count  upon  a  sufficient 
supply,  because  simultaneously  with  himself  some  firm  on  the 
East  coast  also  fitted  their  vessels  to  burn  liquid  fuel,  and  the 
supply  was  insufficient  to  meet  the  demand.  The  next  attempt 
to  burn  liquid  fuel  was  introduced  by  Mr.  Norman  Henderson, 
the  manager  of  the  Broxburn  oil  works,  who  fitted  a  tank  on 
the  top  of  his  boiler,  heated  it  with  steam,  brought  the  tar  down 
in  a  pipe  to  the  front  of  the  furnace  and  injected  the  liquetied 
fuel  with  a  steam-jet  on  the  top  of  a  fire-brick  t)late  heated  by 
coal,  and  burnt  the  two  together.  That  system  of  using  liquefied 
fuel  was  adopted  at  many  other  works. 

lie  had  been  rather  put  out  by  reference  to  the  figure  of 
350°  C*  fiasli  point  which  Mr.  lirewer  had  used  in  the  paper,  as  he 
could  not  reconcile  that  figure  with  any  residuals,  as  he  called 
them.  To  him,  that  figure  pointed  to  some  of  the  intermediate 
distillates  which,  he  thought,  were  more  what  Mr.  Brewer 
referred  to,  namely,  the  distillates  that  occurred  between  tlie 
burning  oil,  having  a  maximum  specific  gravity  of  0*820,  and 
the  lubricating  oil  having  a  minimum  specific  gravity  of  0*875. 
Ultimately,  after  knocking  about  for  some  time,  those  settled 
themselves  down  into  two  grades,  one  of  which  was  sold  at 
about  0*865,  mainly  for  cleaning  machinery,  and  the  other, 
whicli  ran  about  0"84(),  was  well  waslied  and  largely  sold,  as  a 
liigh  llasli-point  burning  oil.  That  was  sold,  if  he  rememljered 
rightly,  by  Young's  as  a  lighthouse  oil.  ^Ii-.  Duckham,  wlio 
questioned  the  necessity  for  such  a  high  Ihish-poiut,  might  not 
remember  that  fact,  because  in  these  present  days  of  electric 
*  35U'C.  was  given  as  u  boiling-poiut.—  K.W.A.B. 
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light,  people  did  not  think  much  of  oil  on  board  ship.  In  those 
earlier  days,  he  believed,  the  Cunard  and  some  other  companies, 
and  also  the  British  lighthouses,  used  that  oil  with  a  flash-point 
of  somewhere  over  300°  F.  as  their  staple  illuminant.  He  did 
not  know  that  that  figure  was  too  high.  They  had  been  told  by 
Mr.  Thompson  of  some  steamship  with  which  he  was  acquainted 
in  which  the  best  precautions  were  taken,  where  crude  oil  was  used 
with  a  flash-point  of  70°  F.,  but  he  was  afraid  that  the  owners  of 
the  Cunard  steamships  or  of  any  other  great  steamships  would  not 
venture  to  put  such  a  low  flash-point  oil  on  any  of  their  ships. 

With  regard  to  what  the  author  said  on  page  159  that 
"  liquid  fuels  must  not  be  considered  solely  as  the  products  of 
petroleum,"  he  would  refer  to  the  products  of  shale.  There  was 
another  source  of  supply  of  liquid  fuel  which  had  been  over- 
looked, which  was  a  pre-eminently  British  source,  and  which 
ought  not  to  be  neglected.  That  was  in  connection  with  the 
distillation  of  peat.  There  were  vast  beds  of  peat  in  Scotland  and 
Ireland.  Peat  was  largely  used  in  the  earlier  days  of  paraffin 
oil  as  a  source  of  paraffin  oil.  It  gave  off  no  particularly  offen- 
sive smell  from  burning,  although  it  was  very  nasty  on  the  hands 
and  still  more  on  the  clothes.  Mr.  P.  Moir  Crane  many  years 
ago  told  him  that  his  first  connection  with  the  oil  trade  was 
with  the  distillates  of  peat  in  North  Ireland.  He  (the  speaker) 
remembered  in  the  early  days,  in  the  halcyon  days  of  the  oil 
trade,  that  Sir  James  Matheson  established  a  large  peat  industry 
in  the  island  of  Lewis,  and  so  the  fact  remained  that,  if  there 
was  a  market,  peat  would  afford  an  almost  inexhaustible  source 
from  which  liquid  fuels  could  be  derived. 

Another  form  of  fuel  was  coal-dust,  and  they  would  all 
probably  remember  that,  many  years,  in  a  Glasgow  flour-mill, 
it  was  discovered  that  flour-dust  was  also  a  potent  fuel,  for  it 
exploded  and  blew  out  the  sides  of  the  mill. 

Mr.  Brewer's  remark  that  he  had  found  trouble  from  deposits 
recalled  a  little  conversation  which  he  (the  speaker)  had  with 
Mr.  J.  S.  V.  Bickford  of  Camborne  the  other  day  on  the  ques- 
tion of  the  action  which  takes  place  when  the  liquid  fuels  were 
used  in  an  engine.  Mr.  Bickford  told  him  that  he  had  been  a 
little  sceptical  as  to  whether  oil  in  petrol  engines  was  volatilised, 
and,  from  some  experiments  he  had  made  by  means  of  some 
glass  apparatus  which  permitted  him  to  watch  the  behaviour  of 
tlie  oil  in  its  progress  from  the  nipple  to  the  engine  cylinder,  he 
found  that  the  glass  apparatus  became  coated  with  films  of  con- 
densed oil,  aiid  he  argued  that  what  was  invisible  was  also  going 
forward  in  a  similar  atomised  rather  than  gasified,  condition.  He 
(the  speaker)  remembered  that  a  gentleman  had  told  him  that 
his  oil  w^as  all  wrong,  and  that  the  induction  pipe  before  the  in- 
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ductioii  valve  had  been  coated  with  oil,  and  he  sent  the  pipe  to 
him  to  be  examined.  The  statement  that  the  thinij  was  coated 
was  certainly  correct,  but,  when  they  began  to  scrape  it,  they 
found  that  the  deposit  could  not  have  proceeded  from  the  lubri- 
cating oil.  It  was  a  deposit  upon  the  bend  of  the  pipe  above 
the  induction  valve,  and  was  probably  simply  produced  by  the 
fact  that  the  atoms  of  petrol  had  accumulated  there.  When 
there  was  a  current  of  air  sweeping  in  through  the  induction 
valv^e,  it  seemed  to  him  improbalde  that  lubricating  oil  could 
be  the  cause  of  the  deposit.  He  afterwards  discovered  that  the 
gentleman  was  at  the  same  time  experimenting  with  a  new  spirit 
to  which  he  attached  very  great  importance,  with  a  gravity  of 
0*850.  He  (the  speaker)  had  that  spirit  examined,  and  he  had 
some  tables  with  him  which  showed  something  about  that  stuff. 
Those  tables  compared  very  nicely  with  Mr.  Brewer's  table, 
The  first  drop  of  the  spirit  was  got  at  143°  F.  =  63°  C. 

He  had  learned  much  that  evening,  and  he  thanked  Mr. 
Brewer  for  his  very  interesting  paper. 

Mr.  Bridges  Lee  said  that  the  author  of  the  paper  had  not 
said  very  much  about  tlie  composition  of  petrol.  He  could  not 
help  thinking  that  a  great  deal  of  the  stuff  sold  in  the  market 
as  petrol  must  have  a  very  varying  composition  at  different 
times.  It  was  a  distillate,  and  a  distillate  from  a  number  of 
different  kinds  of  crude  material.  The  composition  must,  he 
took  it,  be  very  variable.  Certainly  the  specific  gravity  alone 
could  not  he  taken  as  a  satisfactory  or  in  any  way  complete 
test ;  nor  could  tlie  boiling  point  of  the  petrol,  or  even  the  two 
together.  What  was  really  required  to  be  known  was  tlie  com- 
position of  the  material.  The  material  should  be  fairly  constant, 
and  the  boiling-point  should  be  constant  throughout,  until  it 
was  nearly  all  evaporated.  With  a  substance  like  alcohol,  or  a 
substance  like  benzol,  they  miglit  have  a  liquid  with  a  definite 
specific  gravity  and  boiling-point,  whicli  wouhl  not,  like  petrol, 
be  made  up  of  different  substances  mixed  in  various  proportions, 
some  of  them  of  higlier,  and  some  of  lower  specific  gravity,  so 
that,  the  mean  being  the  same,  the  composition  might  be  very 
different  indeed.  Similarly  tliey  might  have  a  composite  liciuid 
wliicli  liad  a  certain  fiasli-point,  and  which  aj.peared  to  boil  at  a 
definite  temperature,  but,  after  it  liad  been  l)oiling  a  little  time, 
some  of  the  volatile  elements  would  have  gone  off,  and  the 
boiling-point  would  be  raised.  He  took  it  that  the  tendency  as 
time  went  on  would  be  for  peoj)le  to  aim  at  ureater  and  greater 
scientific  accuracy  and  precision  in  the  matter  of  licjuid  fuels,  as 
in  the  matter  of  explosives  and  other  branches  of  applied  science. 
He  would  ask  Mr.  Brewer  whether  he  ever  UiougliL  of  trying  an 
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admixture  of  benzol  and  alcohol  spirit  vapour  enriched  witli 
benzol  spirit  vapour  in  different  proportions. 

Supposing  that  petrol  was  to  be  the  staple  substance  for 
some  time  to  come  for  driving  motor  cars,  and  supposing  the 
demand  for  petrol  became  progressively  greater,  the  quantity  of 
material  over  must  be  very  great  indeed,  and,  unless  a  ready 
market  could  be  found  for  it,  the  price  of  petrol,  in  the  nature 
of  things,  would  have  to  go  up.  As  regards  the  supply  of 
liquid  fuels  of  any  particular  degree  of  volatility,  in  a  general 
way  almost  any  vegetable  matter,  distilled  at  a  sufficiently  high 
temperature,  would  give  a  quantity  of  fluid  of  pretty  consider- 
able volatility.  He  could  not  help  thinking  that  the  tendency 
in  the  end  would  be  to  enhance  the  practical  value  of  fuel 
materials  whose  composition  was  known  exactly,  so  that  people 
might  not  be  left  at  the  mercy  of  all  sorts  of  scratch  materials 
with  a  more  or  less  vague  composition. 

Mr.  C.  M.  Hunter  said  that  one  matter  which  had  not  been 
referred  to  very  much  that  evening,  was  the  question  of  the  cost 
of  petrol.  He  had  been  an  o\^  ner  of  a  car  for  a  few  years,  and 
had  felt  like  many  others  that  the  price  had  been  gradually 
rising  and  rising  until  the  pleasure  of  driving  was  very  much 
interfered  with.  In  England  they  had  no  means,  or  very  few 
had,  of  knowing  much  about  how  petrol  was  obtained,  and  few 
appreciated  the  great  cost  attached  to  its  production.  One 
question  which  had  to  be  faced  was  the  question  of  trying  to 
prevent  evaporation.  When  they  had  crude  oil,  and  stored  it 
for  over  twenty-four  hours,  they  had  to  be  prepared  for  a  very 
considerable  loss  which  was  put  down  to  evaporation.  That 
loss  was  made  up  entirely  of  the  lightest,  that  is  the  benzine 
fractions.  The  producer  had  to  remember  that  fact,  and  charge 
something  more  on  account  of  the  loss.  The  question  of  the 
specific  gravity  of  petrol  had  also  a  very  great  deal  to  do  with  it. 
Until  recently  the  public  had  resented  every  increase  made  by 
manufacturers  in  the  weight  of  petrol.  The  effect  of  that  upon 
the  quantity  available  in  the  world  was  enormous.  If  petrol, 
of  say  0  •  720  sp.  gr.  was  taken  as  the  basis,  the  world's  average 
percentage  of  petrol  was  necessarily  low.  If  that  was  increased 
by  5  degrees  to  0*725  sp.  gr.,  the  increase  in  the  supply  would  be 
marked,  and  with  every  additional  0  005  the  available  quantity 
of  petrol  would  be  very  considerable.  This  matter  had  been 
refeiTed  to  at  great  length  by  the  committee  of  the  Motor  Union, 
and  it  was  a  point  which  the  public  must  bear  in  mind  if  they 
want(3d  to  keep  tlie  price  of  ])etrol  down.  If  a  carburetter  could 
})e  designed  to  work  satisfactorily  with  a  higher  specific  gravity 
petrol,  tlie  question  of  the  supply  and  the  question  of  cost  would 
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be  very  much  simplified.  In  Russia  the  quantity  of  petrol 
available  was  very  small.  He  was  not  quite  sure  what  the 
supply  was,  but  it  was  only  one  or  two  per  cent.,  and  it  was 
used  locally  as  fuel.  They  therefore  could  not  look  to  Russia 
as  being,  in  any  way,  able  to  supply  motorists  in  England  with 
petrol.  It  was  consumed  locally,  and  it  would  be  consumed 
locally  as  long  as  tlie  price  of  crude  oil  stood  at  its  present  higli 
figure.  In  Koumania  the  production  of  crude  oil  was  monthly 
increasing.  It  was  not  so  long  ago  when  it  was-  about  200,000 
or  300,000'  tons  per  annum,  but,  in  the  present  year,  there 
was  every  prospect  of  it  considerably  exceeding  a  million  tons. 
The  percentage  of  benzine  or  petrol  that  can  be  extracted  from 
the  crude  oil  was  considerable,  seven  or  ten  per  cent.,  and  some- 
times twenty  per  cent,  of  petrol  being  got.  The  Eoumanian 
supplies  were  consumed  largely  by  Austria,  Germany,  Italy  and 
especially  France.  As  to  America,  the  output  of  petrol  could 
nearly  all  be  consumed  on  the  spot.  This  was  largely  due  to 
the  fact  that  the  demand  was  increasing  more  rapidly  than  the 
supply.  In  the  old  days,  Pennsylvania  and  Virginia  supplied 
the  world.  At  the  present  time,  though  the  production  was 
decreasing  in  the  Eastern  teiritories,  it  was  increasing  in  the 
Southern  States,  where  unfortunately  the  crude  oil  did  not  yield 
much  petrol.  Similarly,  Texas  and  California  turned  out  an  oil 
which  was  not  suitable  for  the  production  of  petrol,  in  fact,  the 
crude  oil  was  so  heavy  that  it  was  only  suitable  as  a  licjuid  fuel 
which  would  take  the  place  of  coal.  In  recent  years  a  new  field 
has  been  developed  in  the  States  in  the  Indian  territory  in 
Oklahama.  The  oil  found  in  that  field  was  eminently  suitable 
for  the  production  of  light  benzines  and  kerosene,  l)ut,  unfortu- 
nately, before  it  could  be  put  aboard  ship,  the  price  was  so  high 
that  to  bring  it  over  to  this  country  and  to  Europe  generally, 
was  difficult.  So  consumers  had  to  go  back  to  liorneo,  Sumatra 
and  Java,  where,  there  was  no  doubt,  there  was  a  large  area  of 
]>etr()literous  land  ready  to  be  exploited,  l)Ut  the  demand  for  the 
heavy  products  was  said  not  to  be  suflicient  to  justify  the  pro- 
duction ])eing  pushed  ahead  so  as  to  supply  Europe  with  light 
gravity  oil. 

In  replying,  Mr.  IJ.  W.  A.  ]5re\ver  said,  he  did  not  think  that 
this  sultject  had  been  treated  ])reviously  or  discussed  from  the 
point  of  view  in  which  he  had  now  dealt  with  it. 

A  (juestion  had  been  asked  as  to  his  use  of  the  word 
"  nsidual."  What  he  had  called  the  residual  was  the  i)ortion 
remaining  after  any  })articular  distillation.  Throughout  tlie 
majority  of  his  remarks  he  had  used  the  word  "  residual,"  not  in 
its  true  sense,  but  as  meaning  what  was  left  after  a  certain 
liaction  had   been  distilled   from   the  crude.     When  lie  stated 
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that  so  much  had  been  distilled  below  150°  C,  that  portion 
which  was  left  he  termed  the  residual. 

As  regarding  the  temperature  of  350°  F.,  lie  took  that  point 
arbitrarily.  One  might  consider  that  it  was  where  the  paraffin 
started,  and  that  minimum  temperature  would  be  considered, 
he  thought,  quite  safe  on  board  ship.  He  did  not  think  that 
they  would  find  dangerous  fumes  coming  off  from  any  of  that 
liquid  to  any  marked  extent,  if  it  was  spilled,  as  would  be  the 
case  if  they  utilised  the  ordinary  crude.  In  a  locomotive  they 
could  do  that,  because  there  was  plenty  of  free  air,  but  the 
vapour  coming  from  a  petrol  or  an  oil,  being  heavier  than  air, 
lurked  about  bilges,  and  would  become  very  dangerous  on  board 
ship  if  the  lighter  fractions  were  left  in.  Such  an  oil  would 
enable  the  distillers  to  extract  all  the  petrol  and  market  profit- 
ably all  the  remainder. 

Mr.  Duckham  raised  a  point  about  the  mixture  of  two 
liquids.  He  mentioned  a  300°  F.  and  500°  F.  mixture.  He 
(Mr.  Brewer)  had  experimented  with  mixtures  of  paraffin  and 
petrol,  which  were  somewhat  similar,  and  he  had  utilised  them 
over  long  distances.  The  paraffin  oil  that  he  used  was  an  oil 
called  Bear  Creek,  and  he  mixed  it  with  various  proportions  of 
Pratt's  spirit  which  was  obtainable  at  the  time,  and,  after  doing 
this,  he  got  very  fair  results.  He  might  say  that,  starting  from 
cold,  he  got  these  difficulties  of  precipitation,  and  had  to  get  the 
whole  engine  fairly  well  warmed  up  first.  When  that  was  done, 
he  got  a  behaviour  which  was  similar  to  the  behaviour  of  0  *  780 
Borneo,  which  spirit  he  did  not  think  was  on  the  market  yet. 

Of  course,  one  must  have  a  carburetter  which  atomised,  in 
order  to  be  able  to  make  use  of  it  at  all. 

Mr.  Duckham  asked  why  it  was  that  the  commercial  alcohol, 
although  its  distillation  figure  was  so  very  much  below  that  of 
the  Borneo  spirit,  took  such  a  long  time  to  evaporate.  Alcohol 
required  a  certain  amount  of  heat.  It  was  one  of  its  peculiarities, 
and  one  of  its  propertiss.  He  believed  that  it  was  something 
like  10  per  cent,  of  the  total  heat  whicli  it  produced  by  combus- 
tion. He  found  that,  when  the  higher  temperature  was  reached, 
viz.  145°  F.,  the  heat  absorbed  would  have  a  marked  effect  on 
the  evaporation  of  alcohol.  Here  the  difference  between  170 
seconds  taken  with  a  temperature  of  80°  F.  and  60  seconds  taken 
when  the  temperatnre  was  raised  to  140''  F.  clearly  demonstrates 
the  effect  of  the  temperature  upon  the  time  taken  to  effect 
evaporations.  This  effect  is  more  marked  in  the  case  of  alcohol 
than  in  that  of  petrol,  but  owing  to  the  range  of  his  apparatus 
being  limited,  he  was  unable  to  reach  a  temperature  when  the 
times  taken  by  the  two  fuels  were  equal.  The  point  was  reached, 
however,    wlien  the  time   taken    by   the   alcohol  under   treat- 
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ment  was  less  than  that  of  the  petrol  or  benzol  without  ex- 
ternal aid. 

Mr.  McKinney  had  asked  wliether  he  had  made  experiments 
with  a  single  variable  instead  of  two  varial)les.  His  reply  was 
that  tlie  table  referred  to,  represented  only  the  abstract  of  a  very 
large  number  of  experiments  wliich  he  had  undertaken.  From 
wliat  was  stated  in  tlie  paper,  it  would  be  seen  that  the  effect  of 
air-current  was  very  small.  The  results  shown  were  a  very  fair 
example  of  the  whole  of  the  results.  V  was  variable  as  well  as 
the  T  in  the  apparatus  which  he  used  for  the  purpose.  He  must 
have  an  air  velocity  in  order  to  get  a  decently  high  temperature 
adjacent  to  the  experimental  specimens.  He  had  used  various 
sorts  of  paper  for  these  evaporation  tests,  which  account  for  the 
differences  in  the  times  given  in  the  taljle  on  the  wall,  and  that 
given  in  the  paper  itself. 

As  to  the  carburetter  loss  being  as  high  as  15  per  cent., 
Mr.  Duckham  explained  it  to  a  very  great  degree.  In  some 
cases  a  good  deal  of  the  petrol  is  carried  right  through  the 
engine  into  the  exhaust.  There  was  no  douljt  about  it.  They 
also  got  bad  mixtures.  One  might  probably  get  what  was  known 
as  a  too  rich  mixture ;  too  much  petrol  being  introduced  owing 
to  the  variations  in  the  jet,  so  that  undoubtedly,  more  petrol 
went  into  the  engine  than  it  could  economically  burn.  That  was 
one  reason  for  the  loss  of  15  per  cent.  Another  was  that  in  the 
arrangement  of  the  inlet  pipe,  the  failure  to  fire  correctly  caused 
blow-backs  right  out  of  the  carburetter.  The  loss  could  be  re- 
duced by  fitting  a  length  of  induction  pipe  on  the  air  side  of  the 
carburetter.  If  there  was  a  small  blow-back,  a  certain  propor- 
tion of  the  carburetted  air  would  be  returned  to  the  engine,  but 
it  was  not  in  its  correct  proportion,  because  the  mixture  would 
be  further  enriched  when  the  air  was  partially  carburetted. 

With  reference  to  the  experiments  on  benzol  and  the  level 
in  the  carburetter,  what  he  did  in  experimenting  with  any  differ- 
ent fuel,  was  to  take  the  carl  )uretter  top  off  and  regulate  the 
petrol  level  to  a  constant  point.  That  was  easily  done  by  weight- 
ing the  float  or  by  any  of  the  following  means.  Sometimes  one 
could  move  the  weight  upon  tlie  spindle  which  spindle,  was  the 
valve  admitting  the  petrol  into  the  carburetter.  If  one  put  the 
weight  lower  down,  or  further  away  from  the  valve,  one  would 
get  the  same  effect  as  if  one  wei^dited  the  float.  In  the  case  of 
benzol  in  the  particular  carburetter  which  he  used,  he  employed 
lead  washers  of  various  sorts  for  the  purpose. 

Benzol  was  said  to  be  richer  (if  one  might  use  that  word) 
than  petrol  by  12  per  cent.  Therefore  more  air  was  wanted,  or 
less  liquid.  The  ])roportions  of  air  to  liquid  in  the  case  of 
benzol  were  almost  self-regulating.     If  one  went  into  the  (question 
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of  the  thermal  value  of  the  different  fuels,  and  various  other 
points  in  connection  with  the  carburetter,  one  would  find  that 
there  was  very  little  difference  in  the  result  of  using  benzol  or 
petrol  as  regards  the  proportion  of  air  and  liquid  which  are  ob- 
tained in  any  one  particular  carburetter.  It  was  as  well  to  have 
an  extra  admission  of  air,  and  it  was  practically  essential  if  they 
were  going  to  carry  out  any  experiments  over  wide  ranges,  such 
as  he  did.  He  had  a  liand-regulator,  and  he  could  regulate  the 
amount  of  air  to  any  degree  he  wished,  but  he  found  that  lie  did 
not  use  it  to  any  appreciable  extent. 

He  wondered  whether  the  upward  viscosity  of  benzol  through 
a  jet  was  the  same  as  petrol.  By  that,  he  meant  whether  a 
certain  suction  would  induce  through  the  name  small  aperture 
the  same  quantity  of  petrol  as  it  would  of  benzol.  His  theory 
was  that  the  upward  viscosity  was  greater  in  the  case  of  benzol 
than  in  the  case  of  the  ordinary  0*720  petrol,  so  that  that  fact 
had  a  retarding  effect  upon  the  benzol  as  it  passed  through  the  jet. 

Mr.  Booth  mentioned  the  carburetter  loss  of  15  per  cent. 
He  (the  author)  had  explained  that  in  dealing  with  Mr.  Duck- 
ham's  remarks.  There  was,  undoubtedly,  a  certain  loss  in  the 
carburetter,  but,  with  a  more  efficient  carburetter  and  a  special 
arrangement  of  the  inlet  pipes,  the  loss  became  rather  smaller. 
He  had  heard  it  stated  that  a  50  per  cent,  loss  was  no  uncommon 
thing,  but  he  did  not  agree  with  this  unless  the  engine  was  very 
badly  designed.  He  should  say  that  something  between  5  and 
15  per  cent,  would  be  found  in  ordinary  practice. 

As  to  the  thermal  efficiency  of  alcohol,  he  had  given  on 
page  174  the  figure  of  30  per  cent,  which  he  had  obtained  from 
a  reliable  source.  He  believed  Professor  Vivian  Lewis  gave  that 
figure  in  his  paper  on  alcohol,  read  some  few  months  ago,  and 
21  per  cent,  in  the  case  of  petrol.  They  never  got  anything  like 
21  per  cent,  in  the  ordinary  small  engine,  but  it  was  quite 
reasonable  to  expect  very  much  higher  efficiency  in  the  case  of 
alcohol  than  in  the  case  of  petrol. 

Deposits  in  the  cylinder  were  caused  by  various  substances. 
Mr.  Duckham  had  found  that  the  deposit  in  the  cylinder  had 
consisted  to  a  very  great  extent  of  dust  from  the  road ;  and  one 
could  obtain  a  binding  fluid  for  the  dust,  either  from  the  lubri- 
cating oil,  or  from  any  impurities  that  were  left  in  the  spirit. 
One  could  not  really  state,  in  a  haphazard  way,  the  causes  of  the 
deposit. 

A  very  large  deposit  of  oil-bearing  shale  had  been  discovered 
near  Sydney.  Scotch  shale  produced  only  a  few  gallons  to  the 
ton — something  like  30  gallons,  but  the  oil-bearing  shale  in 
Australia  produced  something  like  100  gallons  a  ton.  It  was 
easily  workable.  Large  works  were  being  put  up  for  the  re- 
covery of  the  Australian  shale  oil. 
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There  were  large  schemes  on  foot  in  Sweden  and  elsewhere 
for  tlie  distillation  of  alcohol  from  peat,  and  the  persons  who 
were  responsible  said  tliat  the  alcohol  could  be  produced  at 
about  Z(L  a  gallon  on  the  site,  a  very  low  figure. 

Mr.  Bridges  Lee  had  drawn  attention  to  the  composition  of 
petrol  All  the  petrols  were  very  complex,  and  even  if  the 
ligiiter  fractions  were  distilled  off  l)elow  loO""  C.  and  wliat  was 
left  was  used,  up  to  a  certain  liigher  boiling-point,  they  woukl 
have  the  wliole  of  the  portion  of  this  liquid  distilling  over  at 
various  temperatures.  However  they  went  tln^ough  the  range 
they  would  always  get  different  distillation  points  riglit  tlirough 
the  whole  liquid,  so  he  was  unal)le  to  see,  in  the  case  of  petrol, 
how  they  were  going  to  produce  any  volume  of  distillate  wliich 
would  come  off  at  the  same  temperature.  It  would  be  very 
useful  if  they  could  do  so,  but  he  did  not  quite  see  how  it  wiis 
to  be  done. 

He  had,  during  the  last  eighteen  montlis,  made  a  nund)er  of 
experiments  with  varying  proportions  of  alcohol  and  benzol  and 
various  other  mixtures  of  fuel.  He  believed  that  they  liad  done 
a  good  deal  in  France,  and  that  put  liim  up  to  it  in  tlie  first 
instance.  He  got  very  fairly  good  results,  and  he  hoi)ed  lor 
better  when  he  could  alter  the  engine  to  suit  the  alcohol. 

Appendix. 

The  formula  appearing  on  pages  164  and  165  of  the  paper 
may  be  considered  applicable  to  the  usual  type  of  touring  car 
irrespective  of  its  size,  and  the  results  wliich  sliould  be  obtained 
in  practice  are  given  in  the  following  table  wliich  is  worked  out 
for  values  of 

-^^-   -  10 

;ind  E-V  therefore  =  10,000. 


K=Mil.sper(;allon. 

Vfi 

V  =  Avcraj;c  SjiooJ  In 
Miles  per  Hour. 

16 

2r)6 

39  0 

17 

2S8 

34-7 

18 

:{24 

30-9 

19 

:^G(> 

27-8 

20 

100 

25-0 

21 

440 

22-7 

22 

485 

20«; 

2H 

r>:{0 

is:> 

24 

576 

17    1 

2") 

O-Jf) 

IC.-O 
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Further  experiments  as  to  the  rate  of  evaporation  of  alterna- 
tive liquid  fuels  have  been  carried  out  by  the  author  in  the  manner 
described  on  page  166  of  the  paper,  and  the  results  obtained 
sliow  that,  although  tlie  boiling-point  of  alcohol  is  below  that  of 
petrol,  it  does  not  evaporate  as  readily,  but  that  the  application  of 
heat  is  required.  In  the  experiments  the  temperature  was 
reached  at  that  which  the  alcoliol  evaporated  as  readily  as  the 
petrol  did  when  cold,  and  the  effect  of  the  application  of  heat  is 
shown  in  the  following  table :— 


i 


Time  taken  in  Secovds  fou  Completk  Evaporation. 


Temperature. 
Velocity,  ft,  min. 


T  =  75°  F, 
V=    0. 


Fuel— 
Shell,  0-720        ..      , 
Borneo,  0 -700     .,      , 
90%  Benzol 
Commercial  Alcohol 
Alcohol  Mixture 


85 

90 

75 

280 

240 


145"  F. 
450. 


21 
21 
21 
GO 
42 


Larger  samples  of  each  fuel  were  taken  in  these  experiments 
than  in  those  referred  to  in  the  paper. 


193 


November  4,  1907. 

JOSEPH    WILLIAM   WILSON,  Vice-Prksident, 
IN  THE  Chair. 

BRIDLE   ROADS   IN   THE   WEST    INDIES. 
By  H.  C.  Huggins,  M.S.E. 

The  object  of  this  paper  is  to  demonstrate  a  few  economical 
principles  pertaining  to  tlie  method  of  construction  and  main- 
tenance of  natural-soil  hillside  bridle  roads  in  the  West  Indies. 

Introductory. 

The  author,  who  recently  had  control  of  Public  Works  in 
the  Island  of  Tobago,  B.W.I.,  has  beeii  afforded  some  opportunity 
of  studying  the  question  of  this  class  of  bridle  roads,  their 
construction  and  maintenance.  There  is  an  historical  interest 
in  the  roads  of  this  West  Indian  island,  inasmuch  as  during  the 
French  occupation,  they  were  originally  laid  out  by  their 
military  engineers.  In  fact,  nearly  all  the  principal  roads  in 
the  Colony  today  may  be  said  to  have  l)een  founded  on  the  old 
French  tracings.  It  is  not  the  intention  of  the  author  to  deal 
with  the  subject  of  road  tracing ;  it  is  assumed,  for  the  purpose 
of  this  paper,  that  the  engineering  reader  has  already  some 
knowledge  on  the  matter.  It  is,  therefore,  proposed  to  take 
these  old  French  traces,  so  excellently  graded,  as  we  lind  thrni, 
and  endeavour  to  convert  them  into  serviceable  Itridle  roads. 
Indeed,  merely  to  open  out  these  forest  clad  tracks,  and  to 
render  them  into  a  means  of  outlet  for  produce,  or  to  tap  unsold 
acreages  of  Crown  lands,  is  tlie  object  of  the  authorities  for  tlu^ 
present— and  until  the  prosperity  of  the  island  wairants  thcii- 
conversion  into  cart  roads. 

The  whole  of  the  island,  with  the  exception  of  the  S.W. 
portion,  is  very  much  broken  up  into  hills  and  valleys,  rising  in 
height  towards  the  N.E.  These  old  traces  skirt  the  liill  sides, 
winding  their  irregular  way  with  weary  persistency.  Except 
where  the  old  French  tracing  has  been  abandoned  for  a  steeper 
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and  more  direct  route,  the  former  grading  remains  to-day  a  relic 
of  the  past,  when  the  power  of  France  penetrated  even  into  this 
far  away  island. 

Sectional  Formation. 

Figs.  1  and  2  may  be  taken  as  representative  of  two 
recognised  sections  in  road  construction;  the  dotted  line  in  each 
case  indicates  the  remnant  of  the  old  Frencli  tracing  as  found 
today.  A  glance  at  Fig.  1  will  show  a  method  of  reconstruction 
disastrous  to  pursue  in  forest  lands  where  the  alluvial  soil 
is  impregnated  with  vegetable  matter.  Cutting  taken  from 
the  slope  A  is  embanked  at  B,  the  road  being  thus  formed  to 
the  required  width.  A  minimum  amount  of  excavation  is 
thereby  done  in  proportion  to  the  total  width  of  roadway.  It 
is  easily  conceived  how  the  filling  at  B  is  liable  to  become 
loosened  and  soft  under  heavy  tropical  rains,  and  eventually 
form  a  veritable  bog  during  the  wet  season,  rendering  traffic 
dangerous,  and  at  times  impossible. 

Fig.  2  demonstrates  the  most  satisfactory  method  of  forma- 
tion. It  will  be  seen  that  a  clean  cut  is  taken  out  of  the  solid 
bank  with  a  4-inch  slope  inwards  for  a  6-foot  wide  road,  taking 
care  to  start  from  the  outside  edge.  The  surface  thus  obtained 
is  found  to  be  far  more  lasting  and  substantial  than  any  made  of 
filling,  however  well  rammed.  Filling  of  this  description,  unless 
subsequently  sheeted  with  metal  or  other  road  material,  must 
develop  into  a  mud  road  in  the  rainy  season,  no  matter  how 
efficiently  provided  with  drains  the  road  may  be.  It  must  be 
borne  in  mind  that  during  a  tropical  downpour  lasting  many 
hours,  the  whole  roadway  may  be  water-soaked,  the  drainage 
being  incapable  of  coping  with  the  overflow.  It  is  important 
to  remember  that  the  author  is  dealing  with  natural  soil  roads. 
Many  remarks  made  by  him  in  this  paper  would  be  obviously 
hardly  applicable  to  metalled  roads. 

By  reference  to  Fig.  1,  the  side  drain  is  found  to  be  somewhat 
a  mistaken  advantage.  It  is  clear  that  for  a  drain  to  be  of  any 
use  it  should  be  at  least  sufficiently  large  to  carry  off  the  volume 
of  water  likely  to  collect  in  it.  The  quantity  of  water  (generally 
referring  to  the  tropics)  from  the  hill  sides  together  with  the 
surface  water  from  the  road  is  by  far  too  great  for  the  size  of 
drain  which  can  be  properly  made  on  a  bridle  road.  Moreover, 
the  detritus  from  the  hill  sides  soon  clogs  the  drain,  and  when 
this  happens  it  is  usually  far  too  costly  a  job  to  deal  with 
prop(;rly  on  an  emergency,  especially  where  many  miles  of  road 
are  concernea. 

By    means   of  the   inside   fall,    Fig.    2,   the   side   drain  is 
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dispensed  with  to  advantage.  The  surface  water  flows  easily 
towards  the  banks,  and  follows  the  natural  gradient  of  the  road 
till  thrown  off  by  the  open  cross  drains.  The  loose  soil  obtained 
from  the  cutting,  Fig.  2,  is  banked  upon  the  outside  edge  as  at 
C,  forming  a  parapet  about  2  feet  higli  for  the  safety  of  the 
traveller.  The  importance,  liowever,  of  this  parapet  from  an 
engineering  point  of  view  is  the  preservation  of  the  outside  edge 
from  slipping  or  breaking  away,  a  likely  occurrence  due  to  tlie 
percolation  of  rain  water  when  the  ground  is  sodden,  and  the 
overhead  drippings  from  trees.  Whilst  it  is  not  contended  that 
tliis  method  of  Ijanking  is  an  infallible  safeguard  against  slipping, 
it  is  maintained  that  this  evil  is  eliminated  to  a  considerable 
degree. 

A  back  bevel  of  2 :  1  will  be  found  to  be  a  convenient  slope 
for  the  banks,  but  this  must  of  course  vary  in  accordance  with 
the  angle  of  repose  for  different  soils.  Where  the  banks  are 
high,  or  the  soil  very  loose,  it  is  more  economical  to  ])ench  back, 
as  shown  in  Fig.  3,  than  to  reduce  the  angle  of  the  sloi)e  to  any 
great  extent. 

The  innumerable  streams  which  necessarily  fringe  the  hill 
sides  and  intercept  a  mountain  road,  call  for  special  attention. 
These  rivulets,  which  are  insignificant  in  the  dry  season  sometimes 
swell  into  torrents  and  miniature  waterfalls  after  the  rains  set 
in.  These  require  to  be  carefully  paved  with  Hat  surface  stones 
laid  with  an  outward  fall  (Fig.  4).  At  larger  causeways,  over 
which  are  conducted  a  greater  volume  of  water,  the  road  should 
be  protected  from  inundation  by  rubble  or  concrete  retaining 
walls.  These  walls  should  be  carried  up  to  a  sufficient  height 
above  the  road  level  to  allow  an  arched  opening  ibr  an  outlet  as 
shown,  Figs.  4  and  o.  Provided  that  this  opening  is  made  of  a 
size  compatilde  with  the  outflow,  it  will  be  tbund  that  for  those 
roads,  on  which  economy  in  construction  renders  the  cost 
of  culverts  prohibitive  at  the  moment,  these  temporary  works 
can  be  utilised  to  advantage,  and  culverts  may  eventually  l)e 
put  in.  It  is  plain  that  the  culvert  has  to  lie  l)uilt  only  ol'  the 
same  size  as  the  opening. 

Felling. 

Trees  must  be  felled  to  clear  the  track  and  to  admit  light 
and  sunshine,  both  valuable  accessories  in  keeping  the  road 
surface  dry.  All  unsound  and  dangerous  trees  which  are  likidy 
to  become  a  menace  to  public  safety  must  be  cut  down.  But 
the  felling  of  trees  is  often  done  in  excess.  The  author  has 
seen  trees  cut  down  to  80  feet  or  more  on  either  side  of  a  forest 
road  by  well-meauiug  road  makers,  with  the  desire  to  get  as 
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much  sun  as  possible  on  the  roadway.  Large  forest  trees  need 
not  usually  be  cleared  for  more  than  25  feet  on  either  side  of  a 
permanent  bridle  road,  whilst  smaller  trees  should  be  left 
standiijg  as  near  as  possible,  as  these  are  useful  to  safeguard  the 
banks  from  slipping.  The  fact  that  surrounding  vegetation 
does  its  share  in  absorbing  the  moisture  from  the  road  surface 
is  apt  to  be  overlooked. 

Experience  soon  teaches  the  road  maker  that  some  trees  are 
better  than  others  for  this  purpose,  and  these  should  be  carefully 
preserved.  The  Bamboo  tree,  so  abundant  in  the  West  Indies, 
is  perhaps  the  most  useful  of  all  in  these  Islands  for  its  power 
of  absorbing  moisture,  and  deserves  special  notice. 

For  such  roads  as  are  likely  to  become  cart  roads  in  the  near 
future,  the  clearing  of  forest  land  should  be  made  to  the  full 
distance  in  the  direction  of  the  cutting,  to  allow  the  extra  width 
of  roadway  to  be  made.  This  would  be,  in  the  case  of  a  perma- 
nent bridle  road,  in  addition  to  the  25  feet  clearance  recommended 
previously. 

Thus  the  clearing  for  a  bridle  road  6  feet  wide,  which  it  is 
anticipated  will  be  formed  into  a  20-foot  cart  road,  should  be 
about  45  feet  on  the  cutting  side.  Xegiect  in  this  direction 
results  in  a  heavier  cost  in  further  felling  later  on,  apart  from 
the  danger  involved  in  carrying  out  such  work  after  the  line 
has  been  once  established. 


Subsidences. 

Landslips  in  a  country  of  this  nature  are  inevitable  during 
the  rainy  season  of  the  year.  They  cannot  often  be  predicted, 
and  in  the  case  of  an  overhead  slip  there  is  little  to  be  done  in 
most  cases  save  to  clear  it  away,  taking  care  that  no  other  loose 
or  dangerous  stuff  remains  above.  The  cause  of  a  road  slip 
should  be  always  carefully  examined  and  at  once  remedied. 
Fig.  6  represents  a  common  form  of  such  a  slip,  due  to  a  subsi- 
dence at  A.  The  lowest  point  of  the  subsidence  should  be 
always  carefully  located,  and  stakes  firmly  driven  in  along  its 
entire  length.  The  slip  can  be  then  made  good  (as  shown  in 
the  hatched  portion)  and  benched  if  a  long  one,  and  should  be 
(eventually  planted  with  some  suitable  grass  or  bamboos  to 
render  the  mass  compact  against  further  slipping. 

An  example  of  a  landslip  of  a  more  serious  nature  is  given 
in  Fig.  7,  as  not  only  was  the  road  destroyed,  but  the  safety  of 
a  building  involved.  The  occurrence  took  phice  at  the  police 
station  at  Scarborough  (the  capital  of  Tobago).  Here  a  narrow 
bridle  path  3  feet  wide  skirted  the  premises  at  the  back,  where 
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the  land  slopes  abruptly  down  40  feet  to  the  sea  below.  Tlie 
whole  of  the  pathway  suddenly  slipped  (Fig.  7),  and  the  safety 
of  the  building  was  thereby  threatened.  Tlie  building  and  path 
in  question  are  situated  at  the  foot  of  a  hill  500  feet  high  and 
half  a  mile  inland.  The  geological  formation  of  the  hill  is  of  a 
loose  clayey  nature.  Practically  the  whole  of  the  subsoil  drainage 
percolates  this  lower  portion,  and  the  weight  of  the  building 
thereon  tends  to  unduly  compress  the  mass,  the  result  being  a 
tendency  to  slide  at  the  base.  These  causes  were  hastened  by 
the  erosion  caused  by  the  sea  at  the  foot  of  the  cliff,  and  some 
exceptionally  heavy  weather  to  which  the  whole  surface  is 
exposed.  After  clearing  away  the  loose  stuff  the  natural  slope 
assumed  the  line  indicated.  The  total  length  of  the  base  of  the 
slip  was  70  feet,  and  a  surcharged  retaining  wall  was  built  the 
entire  length,  each  end  butting  into  the  rocky  cliff  formation. 
The  height  of  the  wall  was  10  feet,  and  substantially  built  in 
the  manner  shown  to  witlistand  the  sea  as  well  as  the  weiglit 
of  the  filling  behind  it.  The  filling  used  was  selected  dry  earth 
well  rammed  to  a  slope  of  1*37  to  1,  and  the  whole  planted 
with  suitable  grass. 

The  stability  of  the  wall  is  demonstrated  gra])hically  in 
Fig.  8,  where  it  will  be  observed  tluit  the  resultant  of  the  thrust 
and  weight  cuts  the  base  within  the  middle  third  at  ground 
level  X,  which  is  for  practical  i)urposes  a  safe  position  for 
stability.  Also  the  wall  is  located,  so  that  the  weight  of  the 
Ijuilding  lies  Ijeyond  the  limiting  line  of  rupture,  viz.  half  tlie 
angle  Ibrmed  by  natural  slope  of  the  earth  and  a  vertical  line 
which  is  in  this  case  the  back  of  tlie  wall.  By  this  means  tlie 
wall  is  relieved  of  any  load  caused  by  the  weight  of  the  building 
behind  it. 

Three  rows  of  weep-holes  were  jn'ovided,  the  lowest  line  of 
wliich  was  1(S  inches  above  high-water  mark  to  safeguard  the 
filling  from  being  gradually  washed  out  by  ti(hil  moNemi-nt. 
The  wall  was  of  rubble  masonry  with  pure  cement  joints  2:1, 
built  on  concrete  foundations,  the  lowest  face  being  bonded  with 
selected  stones,  as  shown  in  Fig.  7,  to  a  height  of  o  feet  to  better 
withstand  the  sea  at  the  highest  tides. 

To  facilitate  careful  working  the  excavation  and  foundation 
work  proceeded  at  low  tides  in  sections,  the  foundations  being 
laid  on  a  rocky  stratum.  The  patliway  above  was  linally  made 
up  on  a  boulder  bed  as  indicated  in  the  upper  portion  of 
the  sketch. 

Keference  has  already  l)een  made  to  the  many  small  streams 
intercepting  a  mountain  road  and  eventually  discharging  them- 
selves into  some  main  water-course.  These  water-courses  are 
frequently  practically  dry  during  the  dry  .season,  l)ut  expand 
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into  formidable  rivers  after   the   rains   set   in,  and   carry   all 
before  them. 

Fig.  9  illustrates  the  subsidence  of  a  road  due  to  the  attacks 
of  such  a  river.  The  economical  method  of  building  out  a  groyne 
at  A  may  be  successfully  adopted  after  the  rainy  season  ceases, 
and  the  river  runs  low,  in  readiness  for  the  next  wet  season, 
when  the  river  is  deflected  into  another  direction.  Such  groynes 
can  be  cheaply  made  in  most  cases  from  lumber  cut  on  the  spot. 
The  structures  can  be  regarded  only  as  temporary,  and  to  be 
discarded  after  having  done  their  work.  With  larger  water- 
courses it  may  be  necessary  to  employ  a  groyne  of  more  sub- 
stantial build ;  in  which  case  a  very  economical  and  effective 
one  can  be  made  from  old  rails  driven  into  the  river  bed,  faced 
with  planking  (Figs.  10  and  11),  and  built  to  a  height  of  about 
6  feet.  The  length  of  such  a  groyne  in  each  case  must  be 
governed  by  special  factors  dependent  upon  the  velocity  of  the 
stream,  width  of  water-course,  and  curvature  of  the  banks.  The 
author  has  found  in  most  cases  that  for  practical  purposes  if 
the  extreme  end  of  the  groyne  be  built  out  to  one-third  the 
width  of  the  course  (taken  at  right  angles  to  the  banks),  the  best 
results  are  derived.  The  groyne  should  be  then  built  back 
towards  the  bank  with  a  slope  in  the  general  direction  of  the 
proposed  diversion,  giving  the  least  possible  angle  of  resistance 
to  the  stream.     (Fig.  9.) 


Bridle  Bridges. 

For  a  bridge  for  bridle  traffic,  where  the  span  does  not  exceed 
14  feet,  two  9  inch  by  3  inch  hard  wood  runners,  supported  on 
ground  sills  (Fig.  12),  are  found  to  be  sufficient.  The  width 
of  such  jjridges  need  not  exceed  3  feet.  If  greater  spans  are 
required  the  booms  should  be  trussed  (from  above  in  preference) 
ibr  the  sake  of  economy,  ratlier  than  the  size  of  the  timbers  in- 
creased, as  it  is  evident  that  heavy  runners  would  require  sub- 
stantial piles  or  concrete  abutments  for  their  support.  It  is 
very  desirable  on  these  narrow  bridges  to  have  the  rails  boarded 
u]>  on  the  inside  (Fig.  15)  as  a  safeguard  against  a  horse's  foot 
slipping  over  when  the  timber  decking  is  wet.  For  economic 
reasons  the  expenditure  on  puljlic  works  has  to  proceed  with 
the  progress  of  devekjpment  in  a  country  where  many  oi'  the 
bridle  roads  may  be  regarded  as  forerunners  of  cart  roads.  These 
bridle  bridges  must  in  the  course  of  time  be  replaced  by  heavier 
structures  to  meet  the  increase  in  traffic  weight,  and  substituted 
by  those  made  of  concrete,  iron,  or  heavier  timber.  It  is,  accord- 
in-^dy..  well  to  avoid  as  far  as  possible  putting  in  permanent  work 
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such  as  concrete  foundations,  walls,  etc.,  which  may  become  a 
source  of  obstruction  to  other  structures  eventually,  that  may 
be  found  necessary. 

In  a  country  where  the  temperature  is  about  80°  F.  with 
little  variation,  and  the  expansion  and  contraction  of  materials 
inconsiderable,  the  ordinary  steel  railway  rail  may  be  utilised 
for  constructive  purposes  to  a  degree  which  would  be  scarcely 
warranted  in  a  climate  subject  to  extremes  of  heat  and  cold. 

The  following  is  a  description  of  a  bridle  bridge,  23  feet 
span  and  3  feet  wide,  built  almost  exclusively  of  railway  rails. 
Several  bridges  of  this  type  have  been  designed  and  erected  by 
the  author,  and  have  proved  quite  successful.  He  has,  for 
practical  purposes,  treated  the  tensile  strength  of  a  rail  girder  as 
being  equivalent  to  that  of  a  steel  joist  of  the  same  sectional 
area,  cognisance  being  taken  of  the  decrease  of  compressive 
resistance  in  the  head  of  the  rail  (or  top  flange).  Tlie  compara- 
tive extra  strength  of  the  web  of  the  rail  to  resist  vertical 
shearing  has  been  regarded  as  a  factor  on  the  safe  side.  The 
rails  used  were  55  lb.  per  yard  in  weight.  Fig.  13  shows  two 
rails  firmly  riveted  together  by  their  flanges  (rivets  12  inches 
apart)  to  form  piles,  their  ends  being  pointed  for  driving.  The 
piles  were  driven  to  a  depth  of  14  feet  with  a  ringing  machine. 
It  is  important  that  the  top  surfaces  of  these  rails  should  l)e 
quite  flush,  so  as  to  avoid  the  rivets  being  strained  on  the  fall  of 
the  ram.  The  driving  had  to  be  done  carefully  with  a  ram  of 
native  hardwood  of  about  2  cwt.,  banded  with  iron  strai)S. 
Thus  the  head  of  each  pile  was  in  no  way  injured  or  unduly 
compressed,  and  this  enabled  the  longitudinal  girders  and 
brackets  to  be  easily  and  properly  fitted.  Each  pair  of  piles 
were  then  stayed  together  l)y  braces  composed  of  3  inch 
by  4  inch  iron  bars  (Fig.  15).  A  pair  of  rails  were  then 
laid  across  the  head  of  each  pile  to  form  longitudinal  com- 
pound girders,  and  secured  by  angle  i)ieces  tu  tlie  flanges  and 
webs  as  shown.  Another  rail  with  flange  ui)permost  to  receive 
the  timber  decking  pieces  was  then  placed  l)etween  each  pair. 
Care  should  be  taken  to  ensure  the  rails  being  perfectly 
straight,  so  that  they  may  interlock  properly.  Attention  is 
directed  to  the  long  bolt  A,  Fig.  15  (one  at  every  standard), 
whicli  clamps  the  stringer  to  the  decking  and  flange  ('  Ir'Iow. 
To  replace  a  bad  decking-piece,  it  is  only  necessary  to  loosen 
the  long  bolt  A,  the  piece  can  1)e  then  withdrawn  and  a  new  one 
easily  inserted.  This  will  be  fouiul  to  be  an  improvement  on 
the  })rinciple  of  letting  the  standards  into  the  stringer  (Fig.  1<)), 
thus  necessitating  the  removal  (jf  both  to  renew  a  decking  piece. 
It  will  be  observed  that  the  decking  [iieces  are  merely  let  on  to 
the  rail  flange,  and  are  kept  in  place  by  the  stringers,  J-inch 
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cleats  being  provided  between  each  piece.  This  light  mode  of 
superstructure  was  found  to  be  ample  for  the  little  vibration  to 
which  a  bridge  of  this  kind  is  subjected. 

The  bridge  may  be  built  in  two  spans  in  a  similar  way  with  a 
slight  modification  in  the  placing  of  the  centre  piles,  where 
provision  must  be  made  for  a  hard- wood  cap  to  receive  the  four 
girder  ends,  and  the  piles  reversed  to  give  a  fairer  bearing  on 
the  cap. 

The  bridge  is  calculated  to  carry  a  safe  distributed  load  of 
200  lb.  per  square  foot.  The  |-inch  bolt  connection  with  the 
flange  at  C  is  perhaps  the  principal  weakness  in  the  structure, 
being  subject  to  a  shearing  force  which  might  prove  disastrous 
were  not  the  bridge  wholly  confined  to  light  traffic,  for  which  it 
was  designed. 


DISCUSSION. 

The  Chairman  moved  a  vote  of  thanks  to  the  author  which 
was  carried  by  acclamation.  The  paper  had  been  written  with 
a  knowledge  of  the  requirements  of  the  locality  to  which  it  re- 
ferred, and  dealt  with  minor  matters,  yet,  at  the  same  time,  an 
engineer  had,  of  course,  to  adapt  the  means  to  the  end ;  and,  as 
the  author  had  pointed  out,  he  was  not  so  favourably  placed  as 
are  those  engineers  who  are  not  limited  altogether  as  to  the 
amount  of  money  they  can  spend.  He  hoped  that  fact  would 
be  borne  in  mind  in  the  discussion. 

One  or  two  points  had  occurred  to  him  in  reading  the  paper. 
The  laying  out  of  such  paths  as  those  described  was  an  interest- 
ing branch  of  engineering.  Doubtless  those  present  had  seen 
lately  that,  in  the  north-west  of  Canada,  a  very  long  bridle  road 
had  been  run  by  the  Dominion  authorities  in  order  to  open  up 
the  far  north-west  districts  pending  the  time  that  a  railway 
could  be  made  which  he  believed  would  not  be  for  some  years 
to  come.  In  a  letter  which  he  had  lately  received  from  tiiat 
part  of  the  world  it  was  pointed  out  that  one  of  the  great  diffi- 
culties of  the  engineer  was  the  fact  that  he  had  to  carry  the 
roads  through  forests  that  had  never  been  explored,  and  that 
were  unknown  to  any  but  the  Indians,  where  many  centuries  of 
trees  had  fallen  and  died  and  left  their  trunks  and  boughs  lying 
about  in  all  directions,  so  that  it  was  almost  impossible  to  make 
progress  ihrough  them.  This  added  very  greatly  to  the  labours 
of  the  engineer,  not  only  in  making  the  roads,  but  especially  in 
the  preliminary  exploration  and  location. 

On  looking  at  Fig.  2,  Plate  J.,  he  observed  that  the  author 
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showed  the  new  slope  he  had  made,  and  that  he  had  put  the 
excavated  stuff  at  C,  laying  it  upon  a  dotted  line  which  represented 
the  section  of  the  old  French  road.  Presumably,  that  dotted  line 
represented  the  natural  slope  of  the  material,  and,  if  that  were 
the  case,  it  seemed  to  him  that  the  author  was  rather  sanguine 
in  hoping  that  the  material  at  C  which  he  had  put  on,  and  which 
took  a  much  greater  angle,  was  likely  to  remain  in  that  position 
very  long. 

Then,  no  doubt,  it  was  a  rather  serious  problem  which  they 
saw  shown  on  Plate  II.,  Fig.  7,  where  the  slip  had  occurred,  and 
apprehensions  were  naturally  felt  as  to  the  result,  he  could 
hardly  see  why  the  building  should  have  been  put  so  close  to  the 
top  of  a  slope  of  that  kind.  It  appeared  to  be  a  rather  bold  pro- 
ceeding if  there  were  any  option  in  the  matter. 

There  were  many  points  in  the  paper  wliich  he  hoped  tlie 
meeting  would  be  able  to  discuss.  He  was  glad  that  they  had 
Mr.  Ernest  Benedict  present,  and  lie  had  very  kindly  promised 
to  open  the  discussion. 

Mr.  Ernest  I  Jen  edict  said  it  seemed  to  him  that  the  paper, 
although  it  applied  to  what  might  i)e  called  a  very  small  matter 
indeed,  involved  principles  that  applied  to  all  roads  on  sidelong 
grounds,  whether  railways  or  otherwise  Such  roads  always 
gave  a  great  deal  of  trouble.  He  would  deal  with  the  sketcbes 
one  by  one.  The  first  one  that  struck  him  was  on  Plate  I., 
Figs.  1  and  '2.  As  the  Chairman  had  pointed  out,  the  author 
had  always,  or  very  nearly  always,  steejiened  the  slope  of  the 
old  French  trace  which,  he  presumed,  was  found  the  most  suit- 
able for  many  years.  It  seemed  to  him  that  this  was  courting 
disaster.  Many  of  the  places  which  he  described  were  in  a 
state  of  unstable  equilibrium,  so  that  the  very  slightest  inter- 
ference with  the  natural  slope  or  angle  of  rej)ose  would  .start  a 
slip.  People  did  not  realise  what  they  did  in  starting/  a  slip. 
It  was  comparatively  easy  to  i)revent  a  slip,  but  almost  impos- 
sible to  stop  one,  because  the  enormous  mas.ses  that  were  set  in 
motion — very  slowly  indeed,  sometimes — could  not  possibly  be 
stopped  by  any  structure  within  reason  ;  they  could  only  be 
stopped  by  counter-weighting  or  counter-l)alancing.  A  very 
good  example  of  what  enormous  weight  would  do  was  given  the 
other  day,  when  a  large  liner  i)ractically  cut  a  solid  breakwater 
in  two.  It  was  not  going  at  any  great  speed,  but  the  enormous 
weight  and  consequent  momentum  of  the  vessel  took  it  right 
through  the  pier.  Let  them  take,  for  instance,  the  section  in 
Fig.  1.  The  weight  of  the  earth  which  would  ]>robably  be  set 
in  motion  at  A,  sup])osing  the  hill  to  be  a  high  one,  would  be 
something  enormous,  and  il  would  be  quite  beyond  any  power 
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to  stop  it  without  the  expenditure  of  a  prohibitive  amount  of 
money. 

With  regard  to  the  himp  C  in  Fig.  2,  he  had  no  doubt  that 
it  was  made  up  of  sods  which  were  really  more  solid  than  the 
rest  of  the  ground,  or  else,  as  the  Chairman  had  said,  it  would 
be  rather  a  source  of  danger  than  otherwise. 

Plate  II.,  Fig.  6,  showed  a  case  where  stakes  were  placed  at 
the  foot  of  a  slip ;  a  great  mistake  was  made  in  trying  to  stop 
it  in  this  manner.  There  was  a  case  on  the  Great  Western 
Eailway  where  there  was  a  slip  which  went  right  up  to  the  top 
of  the  hill.  They  drove  12-inch  piles  along  the  toe  of  it,  and 
those  piles  seemed  to  hold  it,  for  they  kept  upright,  but,  on 
investigation,  it  was  found  that,  although  they  were  upright, 
they  had  actually  been  sheared  off,  so  that  the  tops  were  travel- 
ling with  the  slip ;  they  had  not  stopped  it  in  the  least.  The 
stakes  in  the  diagram  were  a  case  in  point.  If,  instead  of  putting 
those  stakes,  Mr.  Huggins  had  slightly  steepened  the  top  slope, 
and  then  put  a  rough  stone  wall,  as  he  had  done  in  Fig.  8,  it 
would  have  been  very  much  more  effective. 

It  would  have  been  interesting,  both  in  Fig.  7  and  in  Fig.  6, 
if  the  author  had  given  the  original  surface  line  before  the  slip 
occurred,  but  he  had  not  done  this  in  either  case,  and  conse- 
quently, it  was  rather  difficult  to  judge  of  the  severity  of  the 
movement.  But  here,  again,  he  considered  that  the  greater 
portion  of  the  earth  filled  up  above  the  dotted  line  (which  they 
had  been  told  should  not  be  in  the  diagram)  was,  not  only 
useless,  but  harmful,  and  if  it  were  trimmed  off  to  something 
like  the  slope  of  the  back,  which  was  very  nearly  vertical,  and 
revetted  with  loose  stone  walling,  the  bench  thus  left  would  act 
as  a  weight  keeping  down  the  earth,  and  effectually  counter- 
Ijalancing  the  lightened  top. 

As  to  Fig.  9,  unfortunately  for  himself,  he  had  had  a  great 
deal  of  experience  of  river  training.  There  were  two  things 
which  he  wished  to  observe  with  regard  to  the  sketch  in  Fig.  9. 
One  w^ds  that,  if  they  shortened  the  course  of  a  river  by  simply 
cutting  l)etween  one  i)oint  and  another,  they  would  find  that,' 
unless  they  took  further  proceedings,  they  would  not  do  what 
they  wanted  to  do.  Tlie  new  course  being  shorter — and  he  was 
taking  it  for  granted  that  it  would  be  shorter — the  water  would 
run  faster  than  the  water  in  the  old  course,  and,  when  it  got 
Vmck  to  the  old  course,  it  would  be  suddenly  checked,  and  wouhl 
depf)sit  silt.  If  it  was  a  ri,ver  witliout  silt,  his  observations 
would  not  apply.  He  had  had  a  case  in  Bengal  in  which  they 
made  a  very  deep  cut  (in  the  dry  season)  from  a  big  backwater 
in  a  large  river  into  a  little  river,  in  order  to  divert  part  rf  the 


BRIDLE    ROADS    IN    THE    WEST    INDIES.  203 

water  into  the  smaller  river.  This  acted  all  riglit  when  the 
rivers  were  high,  but,  to  his  astonishment,  when  the  water  went 
down  a^aiu,  the  bier  river  went  round  its  old  bend,  and  silted  up 
the  mouth  of  the  cut. 

Then,  again,  with  regard  to  the  groyne  A,  there  would  be 
bound  to  be  a  backwater.  It  would  be  seen  that  tliere  was  a 
concave  course  on  the  left  bank  of  the  river,  and  the  cutting 
away  of  the  new  course  would  not  prevent  the  water  from 
swilling  round  the  end  of  the  groyne  A  and  actually  aggravat- 
in2  the  orisjinal  evil.  If  a  straighter  course  had  to  be  cut  in  a 
river,  they  must  begin  a  long  way  down,  and  deepen  the  river 
up  to  the  outlet  of  the  new  cut,  or  else  it  would  be  found  that 
the  work  was  inoperative.  To  his  mind,  the  way  that  the  bank 
should  have  been  treated  would  have  been  by  simply  throwing 
rough  stone  into  the  old  course  and  by  filling  up  the  little  bend, 
always  supposing  there  was  plenty  of  stone  there. 

Concerning  the  driving  of  piles.  The  author  correctly  stated 
that  it  was  very  important  to  have  the  heads  of  die  rail-piles 
level,  because,  if  one  stood  up  a  little  higher  than  the  other,  the 
blow  of  the  monkey  would  shear  all  tlie  rivets.  He  had  a  very 
good  example  of  this  when  he  made  a  boat- wharf  at  Karachi  in 
India.  There  was  a  large  number  of  old  double-headed  rails  to 
be  had  very  cheaply,  and  he  made  piles  of  a  group  of  the  rails. 
He  took  seven  of  them,  and  put  ri,vets  through  tliem  nearly  sLx 
inches  long.  Everybody  said  that  what  lie  was  doing  was 
perfectly  ridiculous,  and  that  the  rivets  would  all  be  sheared 
if  they  drove  the  thing  far.  He  had  to  drive  the  group  of  rails 
through  the  worst  stuff  in  the  world,  namely,  sand  and  gravel 
mixed.  He  made  the  native  contractor  who  had  the  Job  use  a 
oO-cwt.  monkey,  and  the  trigger  was  placed  so  tliat  tlie  monkey 
could  not  be  raised  more  than  six  feet.  The  conseciuence  was 
that,  to  everybody's  astonishment,  the  rail-piles  were  drivL-n 
through  the  sand  and  gravel  without  a  single  rivet  going ;  the 
whole  principle  being,  that  as  the  old  saying  is,  you  cannot 
drive  a  tenpenny  nail  with  a  si.xpenny  hammer  because  you 
will  simply  smash  the  top  of  the  nail  and  pc^rhaps  the  hammer 
also.  Of  course,* it  did  not  matter  how  heavy  the  hammer  was  ; 
you  could  drive  a  tack  with  a  10-lb.  hammer.  It  was  on  that 
principle  that  people  should  go  when  pile-driving,  )»ut  it  was 
very  seldom  that  they  did.  Conse([uently,  the  head  of  thf  pile 
got  Hull'y,  and  there  was  a  lot  of  troul)lL'  with  it. 

In  conclusion  he  would  go  back  to  Fig.  1.  The  autlmr  said 
that  the  little  side  drain  on  Fig.  1  was  al)()ut  the  worst  thing 
that  they  could  possibly  imagine;  but  in  his  (Mr.  lieucdict's) 
exi)erience,  side  drains  generally  were  put  along  the  inside  edge 
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of  such  roads.  It  stood  to  reason  that  the  steep  dip  on  the 
left-hand  side  of  the  side  drain  would  actually  encourage  slips, 
and,  not  only  that,  but  the  water  in  the  side  drain  seeped  under 
the  road  and  generally  caused  slipping ;  so  that  there  was 
nothing  so  fatal  as  a  side  drain  like  that,  and  it  ought  never  to 
be  allowed.  In  Fig.  2,  instead  of  making  the  slope  inwards,  he 
should  have  made  the  slope  outwards.  It  was  much  better  to 
let  the  water  run  from  the  road,  if  they  possibly  could,  by 
makiug  holes  through  the  wall  as  shown  in  Fig.  5. 

Professor  K.  H.  Smith  said  that  he  liad  been  a  good  deal  in 
mountainous  countries,  and  he  had  found  the  study  of  liillside 
and  riverside  paths  interesting.  In  the  Highlands  of  Scotland, 
it  would  be  found  that  in  nearly  every  case  the  shepherds'  paths 
along  the  mountain  side  had  been  originally  made  by  animals. 
The  shepherds  had  simply  developed  the  tracts  started  by  the 
animals.  The  deer  and  the  sheep  selected  the  shortest  and 
safest  routes,  and  the  shepherds  followed  their  guidance. 
Another  kind  of  path  genesis,  also  due  to  animals,  was  beauti- 
fully illustrated  by  the  very  steep  bank  on  the  Malvern  Hills, 
between  great  Malvern  and  the  Wych.  The  hill  was  covered 
with  parallel  tracks  running  diagonally  along  the  hillside.  These 
sloping  terraces  had  really  been  laid  out  by  tlie  sheep,  to  facilitate 
their  grazing  upon  the  grass  on  the  hillside.  The  series  of  paths 
ranged  one  above  the  other  at  such  a  height  that  the  sheep, 
standing  upon  one  path  can  reach  all  the  grass  up  to  the  edge  of 
the  next  path  above.  It  was  very  interesting  to  note  the  great 
differences  between  the  routes  made  by  human  hands  in  modern' 
times  and  those  made  in  very  ancient  times,  and  this  was  par- 
ticularly well  illustrated  in  the  South  of  England.  The  old 
Koman  roads  and  the  old  Saxon  roads  followed  routes  whose 
courses  were  almost  wholly  explained  by  the  ancient  necessity 
of  steering  clear  of  extensive  marshes  which  had  disappeared 
entirely  in  modern  times  in  consequence  of  the  cultivation  of 
the  land.  This  largely  explains  why  the  old  Eoman  roads  run 
straight  over  hill  and  dale,  avoiding  low  ground  and  hardly  ever 
running  along  the  valleys. 

He  agreed  with  the  Chairman  that  the  parapet  C,  in  Fig.  2, 
was  not  advisable.  As  the  last  speaker  said,  it  was  most  desir- 
able to  get  the  rain  off  the  paths  as  quickly  as  possible,  and 
over  the  outer  edge  of  it. 

He  was  inclined  to  agree  with  the  objection  made  to  the 
staking  at  the  foot  of  the  bank.  A  long  series  of  stakes  driven 
in  a  more  or  less  straight  line  in  a  dangerous  place,  was  more 
likely  to  develop  a  crack  than  to  prevent  one. 

The  felling  of  trees  was  said  to  be  done  only  for  the  sake 
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of  light  and  air  and  the  drying  of  the  roadway,  both  of  which 
objects  were  excessively  important.  He  would  suggest  that 
it  would  be  well  simply  to  cut  down  trees  near  tlie  ground  and 
to  leave  the  roots  in,  because  the  roots  were  the  most  vahiable 
kind  of  fastening  to  hold  the  ground  together  that  they  could 
have. 

The  most  interesting  bridle  path  that  he  ever  saw  was  in 
tlie  Yosemite  valley  in  Calif(jrnia.  There  was  one  place  where 
the  patli  descended  over  two  tliousand  feet  in  level  in  less  tlian 
lialf  a  mile  of  horizontal  distance.  It  led  down  into  the  valley  at 
the  western  end  of  the  tremendous  precipice  which  overhung  the 
Yosemite  Hotel.  This  precipice  ran  sheer  down  almost  perpen- 
dicularly for  a  height  of  two  thousand  feet,  and  then  at  a  slope 
of  something  like  40  degrees  for  another  thousand  feet  under- 
neath that.  The  path  zigzaged  constantly  and  there  was  a  great 
deal  of  dry-stone  building  up  between  the  zigzags.  The  stone 
wall  rose  from  one  zig  of  the  path  right  up  to  the  edge  of  the 
zag  above,  with  a  ])atter  of  perhaps  only  1  in  8  or  10.  These 
paths  seemed  to  have  stood  for  a  very  long  time  without  repair. 
They  were  very  steep.  The  gradients  of  the  path  must  have 
been  at  least  25  degrees  from  the  horizontal.  It  was  excessively 
steep.  The  paths  were  very  stony,  but  for  that  reason,  perhaps, 
the  water  got  away  very  readily,  and  of  course  tlie  water  g(jt 
through  the  dry  stone  walls  with  great  readiness  without  carry- 
ing any  of  the  soft  material  with  it.  The  whole  bank  was 
excessively  rocky,  but  was  well  covx^red  with  forest  trees. 

Regarding  the  criticism  made  of  the  undercutting  below  the 
natnral  slope  of  the  ground  aljove  the  level  of  the  path  shown  in 
Fig.  2,  it  was  evident  that  it  was  desirable  to  place  the  whole 
of  the  embankment  su])p()rting  tlie  path  entirely  outside  this 
natural  shjpi^  This  involves  giving  the  outside  of  tliis  embank- 
ment a  much  stee[)er  slope  than  the  natural  slope,  and  tlierefore 
the  eml)ankment  must  either  be  built  of  material  dilferent  iVom 
tlie  natural  soil,  i.e.  of  material  to  which  tliis  steeper  slope  is 
"  natnral,"  or  else  must  l)e  supported  artificially  by  a  retaining 
wall  or  otlierwise.  The  trunks  of  trees  felled  in  making  the 
clearance  seemed  ca[)able  of  being  utilised  in  such  leinlorcenient, 
these  trunks  l)eiiig  IxHlded  in  vertical  planes.  This  wholly 
(Mitside  embankment  also  evidently  involves  the  carrying  to  the 
site  from  elsewhere,  new  material  wherewith  to  form  the  body 
of  the  embankment,  and  for  the  majority  of  bridle-paths  the 
expense  of  such  transportation  of  material  may  l»e  prohibitive. 
In  this  case  there  is  no  alternative  to  undercutting  tiie  natural 
slope  abijve  the  patli.  The  material  cut  away  from  above  tlie 
path  being  utilised  to  form  the  em))ankment  below  the  path  and 


206  BRIDLE   ROADS    IN    THE    WEST    INDIES. 

outside  the  natural  slope,  and,  in  order  to  be  useful  for  this  pur- 
pose, being  necessarily  consolidated  by  ramming,  and  to  a 
greater  density  than  that  of  the  "  natural "  soil,  it  follows  that 
the  volume  of  cutting  above  the  path  must  be  somewhat  greater 
than  that  of  the  embankment  below  the  path,  and,  therefore, 
that  the  line  of  the  original  natural  slope  falls  somewhat  outside 
the  centre  of  the  width  of  the  path. 

The  volume  of  the  embankment  is  now  only  less  than  one 
quarter,  and  its  depth  one-half,  of  that  needed  when  it  is  made 
wholly  outside  the  natural  slope.  Of  course,  the  cutting  above 
the  path,  being  at  a  steeper  than  tlie  natural  slope,  requires  rein- 
forcement either  by  a  retaining  wall  or  otherwise.  If  the 
materials  of  the  hillside  are  suitable  for  this  construction,  it  is 
evidently  the  most  economical.  It  must  not  be  forgotten  that 
the  "  natural "  slope  varies  largely  with  the  weather,  and  that 
all  ancient  hillsides  assume  the  slope  corresponding  to  the 
wettest  season  of  the  year,  which  is  very  much  less  than  the 
mean  natural  slope  averaged  over  the  whole  year. 

Mr.  D.  A.  Symons  said  that,  on  a  comparison  of  Figs.  1  and 
2,  it  was  perfectly  obvious  that  Fig.  2  was  the  very  much  better 
one  with  the  exception  of  the  lump  at  C.  Some  years  ago  he 
was  associated  with  a  railway  in  the  South  of  England  where 
they  had  a  cutting  inside  long  ground  similar  to  Fig.  2  which 
was  in  Kimmeridge  clay.  The  drainage  of  the  Kimmeridge  clay 
was  a  difficult  problem.  The  only  way  of  getting  over  it  was 
by  not  having  the  side  drain  at  the  foot  of  Fig.  1,  but  putting  a 
large  stone  French  drain  down  tlie  face  of  the  cutting  at  about 
25  or  30  feet  pitch,  and  ballasting  the  formation  level  right  up 
to  the  toe,  the  water  being  carried  away  by  earthenware  drains 
placed  between  the  sleepers,  these  being  placed  10  or  20  feet 
apart.  They  found  after  heavy  rains  that  the  French  drains  had 
interlaced  each  other  on  account  of  the  slipping  of  the  ground. 
The  ground  eventually  became  consolidated,  and  he  understood 
that  the  drains  at  the  present  time  carry  out  their  work  effec- 
tively.    The  work  was  executed  about  seven  years  ago. 

On  Plate  11.  the  author  had  given  a  diagram.  With  reference 
to  the  masonry  wall— a  surcharged  wall — the  diagram  of  forces 
could  not  be  a  rectangle.  He  contended  that  the  line  showing 
the  pressure  against  the  wall  ought  to  be  parallel  to  the  surface 
of  the  ground,  and  not  horizontal  as  shown. 

The  author  had  said  that  it  was  a  pity  that  that  dotted  line 
on  the  diagram  had  been  carried  across.  Personally,  he  thought 
that  it  was  a  very  good  thing.  It  showed  at  once  that  the  build- 
ing was  absolutely  outside  and  could  not  give  any  pressure 
whatever  upon  the  wall. 
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Mr,  Arthur  Eigg  said  there  was  no  doubt  that  the  makers 
of  roads  were  the  pioneers  of  civilisation,  and,  as  nations  pro- 
gress so  must  their  means  of  communication  become  more  im- 
portant. The  author  had  given  a  most  interesting  account  of  the 
bridle  paths  which  seemed  to  be  the  earliest  form  of  road-making, 
and  these  roads  reminded  him  of  corresponding  arrangements  in 
America  in  the  Piockies  in  1884.  The  roads  were  tlie  rougliest 
imaginable,  but  that  was  nothing  in  comparison  with  the  bridges. 
When  it  was  necessary  to  cross  a  gulch  or  valley,  the  lar^^est 
trees  in  the  immediate  neighbourhood  were  secured,  and  where 
they  went  down  so  did  the  roads  also,  and  the  earth,  or  rocks,  on 
both  sides  was  cut  down  to  the  place  where  the  trees  had  found 
their  rest.  Then  on  the  top  of  the  three  or  four  trees,  lay  a 
numl)er  of  short  round  pieces  all  loose  and  rolling  about  exct-pt 
that  in  some  cases  a  few  sods  were  there  to  steady  them.  To 
drive  up  the  ()p])osite  steep  roadway  it  was  necessary  to  descend 
at  full  speed,  and  wonderfully  the  reckless  driver  brought  him 
(Mr.  Kigg)  safely  to  the  top  of  the  opposite  crest,  in  spite  of  the 
upper  layer  of  short  pieces  rolling  about  under  the  horses'  feet, 
and  the  longer  trees  below  dancing  some  2  or  3  feet  up  and  down 
as  the  four  ponies  and  the  ramshackle  vehicle  rushed  over  at  full 
speed.  The  whole  thing  was  rough  and  tundde  in  the  last 
degree,  and  nearly  as  dangerous  as  the  London  streets. 

If  we  turn  now  to  the  work  of  the  Romans,  In  Lancashire, 
near  B(jlton-le-moor,  there  was  still  surviving  an  ancient  "saddle 
back  "  Ijridge  all  of  red  sandstone  and  just  wide  enough  to  serve 
as  a  bridle  path  or  a  roadway  for  one  of  the  narrow  carts  of  that 
period.  The  last  preserved  record,  however,  of  a  lionum  liridge 
of  considerable  engineering  im])ortance,  was  one  mentioned  by 
Mr.  Charles  Hawkesley,  M.I,C.E,,  in  his  address  as  President  of 
the  Engineering  Section  of  the  l>ritish  Association  at  S()Uth])ort 
in  190.3.  He  said  under  the  heading  Liver])ool,  evidence  of  the 
gradual  sinking  of  tlie  land  is  given  by  the  very  interesting  (Hs- 
covery  in  185U  of  a  lloman  bridge  at  Wallasey  Pool,  l)irkenhead. 
After  excavating  14  feet,  the  workman  came  upon  a  bridge  of 
solid  oak  i)eanis,  supported  in  the  centre  by  two  sione  piers,  and 
resting  at  the  ends  on  tlie  solid  rock  at  the  sides  of  the  creek. 
The  length  of  the  bridge  was  100  feet  and  its  width  24  feet,  and 
the  beams  were  each  33  feet  long,  18  indies  wide  and  1)  inches 
thick.  There  were  36  beams,  formed  into  12  compound  beams, 
each  27  inches  deep.  Careful  drawings  were  made  by  Mr.  Snow, 
an  engineer  enqdoyed  on  the  work  then  in  })rogress.  The  draw- 
ings show  that  the  rocky  bed  of  tlie  stream  was  some  13  feet 
below  the  bridge,  which  was  itself  a))out  16  feet  below  the  present 
high  water  level.     Incidentally,  this  seemed  to  show   that  tlie 
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land  had  been  sinking  at  the  rate  of  about   one   foot   in    a 
century. 

Mr.  F.  G.  Bloyd  said  he  thought  that  the  paper  was  of  a 
character  which  the  society  would  do  well  to  encourage.  It  gave 
Home  Members  some  idea  of  the  kind  of  work  carried  out  in 
foreign  lands.  A  great  many  of  the  recent  papers  had  been 
limited  to  English  practice.  Mr.  Benedict  had  threshed  out 
some  of  the  points  very  thoroughly,  and  he  had  alluded  to  Indian 
roads.  He  should  like  to  ask  Mr.  Benedict  if  it  was  not  a  fact 
that  on  the  Indian  bridle  paths  the  makers  were  very  fond  of 
the  side  drain  shown  in  Fig.  1,  but  that  they  conveyed  the 
water  from  the  side  drain  at  frequent  intervals  by  pipe  drains 
laid  under  the  road.  Of  course,  that  got  the  water  out  of  the 
side  drains.  He  certainly  thought  that  the  construction  shown 
in  Fig.  2  was  preferable.  There  again  the  idea  that  first 
struck  him  on  originally  reading  the  paper  was  that  the  slope  of 
the  road  ought  to  fall  outwards  and  not  inwards,  because  he 
thought  that  the  water  running  down  the  cliff  and  off  the  road 
itself  would  very  soon  scour  out  a  drain  at  the  base  of  the  cliff. 
Again,  there  would  be  the  same  tendency  for  the  water  to 
collect  at  the  base  of  the  cliff  and  penetrate  under  the  road,  and 
so,  in  time,  cause  the  whole  road  to  settle  or  slip  outwards,  a 
point  to  which  the  author  gave  some  prominence  to  in  the  paper. 

As  to  the  felling  of  trees,  the  author  said  that  he  had  "  seen 
trees  cut  down  to  80  feet  or  more  on  either  side  of  a  forest  road 
by  well  meaning  road-makers  with  a  desire  to  get  as  much  sun 
as  possible  on  the  roadway."  He  (Mr.  Bloyd)  rather  differed 
from  the  author.  He  could  not  speak  personally  on  foreign 
practice,  but  a  friend  of  his  wlio  had  had  a  great  deal  to  do  with 
cutting  bridle  paths  in  Brazil,  and  making  preliminary  surveys 
for  railways  through  forests  which  had  never  perhaps  been 
entered  by  man  before,  said  to  him,  "  We  never  cut  a  single 
tree  down,  if  we  can  help  it.  Cutting  trees  down  allows 
tlie  tropical  rains  to  fall  direct  on  to  tlie  roads  and  wash  them 
away.  Leave  the  trees  up.  They  are  the  best  protection  for  the 
]jaths."  No  douljt  the  author  wouhl  say,  in  reply  to  that  view, 
that  in  Tol)ago  they  got  wet  and  dry  seasons ;  that  is  to  say, 
that  they  got  rain  at  stated  intervals,  and  then  fine  weather  for 
long  periods.  Therefore,  he  should  like  him  to  say  if  the 
advantage  of  cutting  trees  down  to  admit  light  and  air  was 
balanced,  or  more  than  balanced  by  the  damage  that  might  be 
(lone  to  roads  by  heavy  rains  falling  direct  upon  them. 

Mr.  Benedict  had  rather  forestalled  him  by  the  reference  he 
made  to  the  piles  on  the  Great-  Western  line.  He  was  going  to 
allude  to  a  similar  instance  down  in  the  south  of  England  where 
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there  was  a  rather  high  embankment  of  alluvial  clay  that  had 
repeatedly  slipped,  until  at  last  the  slope  of  the  emliankment 
was  about  4^  to  1.  At  one  point  there  was  a  footpath  runuing 
at  the  foot  of  the  bank,  and  as  the  bank  showed  a  further 
tendency  to  slip,  it  was  arranged,  rather  wrongly  as  he  (Mr. 
Bloyd)  thought,  to  drive  a  line  of  piles  along  the  base  of  the 
slip.  The  piles  no  douljt  kept  the  slip  back  for  about  six  months, 
but  to-day,  instead  of  being  vertical,  they  had  gone  over,  and 
three  piles  out  of  ten  driven  had  sheared  right  off.  A  little 
further  along,  an  exactly  similar  sli])  had  been  dealt  with  b)" 
building  u[)  a  wall  of  block  chalk.  Tliis  had  stood  very  well, 
and  no  doubt  the  increased  weight  at  the  toe  of  the  slip  had 
kept  the  bank  from  going  out  any  further. 

With  regard  to  the  outside  parapet  in  Fig.  2,  most  of  the 
speakers  seemed  to  think  that  it  was  a  mistake  to  ])ut  it  there, 
but  the  author  had  said  in  his  paper  that  the  primary  object  of 
it  was  to  provide  safety  for  travellers.  He  thought  tliat  that, 
])erhaps,  had  been  rather  disregarded  by  the  speakers.  There 
was  absolutely  no  light  on  some  of  the  roads,  and  tlie  parapet  was 
put  so  that  a  man  on  horseback  could  tell  when  he  was  on  tlie  path 
and  when  he  was  off.  Tlierefore  the  parapet  was  very  useful. 
He  should  say  retain  the  outside  parapet  but  leave  openings  at 
i'rerpient  intervals  for  the  water  to  flow  through.  He  tliought 
that  these  openings  and  the  slope  of  the  road  outwards,  ought  to 
effectually  get  rid  of  all  surface  water. 

Mr.  Benedict  said  that,  with  regard  to  the  question  wliich 
]\Ir.  Bloyd  had  put,  he  (Mr.  Benedict)  thought  lie  had  men- 
tioned in  his  remarks  that  they  had  cut  the  side  drain,  and  tliat 
he  thought  it  was  very  objectionaljle  on  the  bridle  paths,  and 
not  only  on  bridle  paths,  but  on  much  more  important  roads. 

Mr.  Bloyd  said  that  they  took  pipe  drains  underneath  to 
draw  the  water  off. 

Mr.  Benedict  said  that  no  doubt  they  did,  but  that  did  not 
do  away  with  the  evil.     It  minimised  it  a  little. 

The  Chairman  said  that  he  was  sorry  that  the  author  of  the 
paper  was  not  present  to  reply,  but  the  members  would  see  his 
reply  in  due  course  in  the  transactions. 

In  reply  to  the  discussion,  Mr.  H.  C.  Huggins  said  that 
several  of  the  speakers  had  somewhat  severely  criticised  the 
side  slope  (Fig.  2),  because  it  was  steeper  than  the  slope  of  the 
hill.  Mr.  Benedict  had  said  that  the  very  slightest  interference 
with  the  natural  slope  would  start  a  slip.  Now,  it  is  evident 
that  unless  some  veiy  slight  interference  with  the  slope  of  the 
hill  is  made,  in  order  to  ol)viate  the  danger  of  any  sli])ping,  it 
would  be  necessary  to  cut  the  slope  at  an  incline  wliich  would 
be  at  least  parallel  to  the  hillside.     This  would  involve  an  enor- 
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mous  amount  of  cutting  (possibly  right  up  to  the  top  of  the  hill), 
and  no  matter  how  desirable  that  may  be  in  point  of  theory,  his 
(the  author's)  experience  was  that  it  would  be  quite  out  of  pro- 
portion to  the  cost  of  such  an  undertaking.  The  only  thing  then 
was  to  cut  a  somewhat  steeper  slope  which  would  intersect  the 
natural  slope  of  the  hill  gradually,  and  the  most  suitable  slope 
could  be  determined  only  by  actual  experiment  with  the  soil. 
Tables  giving  the  angles  of  repose  for  various  soils  were  of  a 
qualified  value  when  reduced  to  practice,  because,  after  all  the 
question  in  any  given  case,  was  whether  the  soil  under  con- 
sideration, corresponds  in  variety  and  condition,  to  the  one  in 
the  table,  and  the  question  is  ultimately  one  of  practical  judg- 
ment.   In  this  case  he  had  found  a  slope  of  2  to  1  most  suitable. 

Another  point  which  he  thought  had  been  overlooked,  was 
that  the  surface  soil  in  forest  lands  was  impregnated  with  loose 
vegetable  matter,  and  that  the  undercutting  was  generally  com- 
posed of  more  compact  material,  which  could  therefore  assume  a 
steeper  angle  of  repose. 

The  Chairman  had  expressed  some  apprehension  as  to 
whether  the  parapet  would  retain  its  position  long,  but  from  the 
foregoing  observations  it  would  be  seen  that  this  mound  would  be 
composed  of  the  more  compact  soil  from  the  cutting,  which  when 
heaped  up  and  rammed  was  found  to  retain  its  position  very 
well. 

References  had  been  made  to  the  inward  fall  and  absence  of 
the  side  drains  (Fig.  2).  He  (the  author)  knew  that  it  was  the 
])ractice  to  make  the  fall  outwards,  and  to  adopt  the  side  drains 
in  some  countries,  and  he  concurred  with  that  arrangement  for 
a  cart  road,  where  a  fairly  wide  roadway  was  essential.  He  had 
tried  both  ways  himself,  and  found  that  the  method  he  suggested 
was  the  most  favourable  for  bridle  roads.  With  regard  to  the 
driving  of  stakes  at  the  foot  of  a  slip,  he  agreed  that  a  wall  would 
be  preferable,  but,  as  the  Chairman  had  pointed  out,  the  engi- 
neer had  to  adopt  the  means  to  the  end,  and  whilst  stakes  were 
always  ready  at  hand  in  a  forest  road,  stones  were  not  always  so 
easily  obtained. 

Mr.  Benedict's  remarks  concerning  the  river  in  Fig.  9,  were 
of  the  greatest  interest,  for  he  said  he  had  a  great  deal  of  ex- 
perience in  river  training ;  the  rivers,  however,  in  Tobago  were 
not  silty,  but  had  clean  gravel  or  shingle  beds.  He  stated  that 
the  groyne  would  only  aggravate  the  evil  because  of  the  back- 
water, but  he  (the  author)  had  found  that  this  caused  a  gravel 
deposit  to  be  gradually  formed  behind  the  groyne.  Wlien  rivers 
are  in  flood  their  erosive  action  is  unknowable  and  cannot  be 
predicted,  especially  if  the  soil  is  of  a  loose  gravelly  nature,  and 
he  was  therefore  inclined  to  think  that  Mr.  Benedict  was  rather 
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too  certain,  that  the  concave  bank  would  be  detrimental  to  the 
oljject  of  the  groyne. 

Mr.  Bloyd  had  rather  misunderstood  what  he  (tlie  author) 
said  about  felling  trees.  He  did  not  advocate  mucli  felling ;  on 
the  contrary,  he  stated  that  it  should  not  be  done  in  excess, 
and  suggested  only  a  25-feet  clearing  on  the  cutting  side  of  a 
bridle  road.  Trees  were  very  useful  as  a  rain-break,  but  it  must 
be  remembered  that  a  hillside  road  was  generally  more  exposed 
in  this  respect,  due  to  the  sloping  away  of  tlie  hill,  and  received 
little  protection  from  trees  when  that  side  of  it  was  against  the 
weather. 

The  Chairman  had  drawn  attention  to  the  danger  of  placing 
a  building  so  close  to  the  top  of  such  a  slope  (Fig.  7).  The 
building  is  a  very  old  one ;  he  (the  author)  couhl  not  say  how 
long  ago  it  was  built ;  but  he  had  reason  to  Ijelieve  that  at  the 
time  of  its  erection,  the  site  was  a  considerable  distance  inland, 
and  the  position  it  occupies  now  was  due  to  the  result  of  years 
of  sea  encroachment. 

Mr.  lienedict  had  suggested  that  the  greater  portion  of  the 
earth  filling  above  the  dotted  line  (Fig.  7)  was  not  only  useless 
but  harmful,  and  that  it  would  be  better  to  liave  trimmed  off  the 
slope  at  the  back  (which  was  very  nearly  vertical)  and  revetted 
with  loose  stone  walling.  This  would  have  undoubtedly  lightened 
up  the  top  as  he  had  pointed  out,  but  he  (the  author)  rather  ques- 
tioned the  expediency  of  l)uil(ling  up  a  steep  slo})e  like  that 
some  2(1  feet  high  in  tbat  manner.  This  loose  stone  faring  would 
be  very  top  heavy  in  his  opinion  ;  the  joints  of  the  stones  would 
require  to  be  grouted  in  cement  and  the  face  of  the  wall  stej)pe(i 
out,  and  there  would  not  then  be  much  reduction  in  the  mass 
above  the  dotted  line. 

Mr.  Symons  had  contended  that  the  line  of  pressure  against 
the  wall  shown  in  the  diagram  (Fig.  8)  should  be  parallel  to  tlie 
surface  of  the  surcharged  ground,  and  he  (the  author)  believed 
that  this  was  theoretically  correct.  It  must  be  remembered, 
however,  that  in  the  process  of  construction  the  earth  is  gradually 
filled  in^from  the  bottom  upwards,  and  rammed  in  layers,  in  the 
direction  of  the  length  of  the  wall.  The  filling  up  of  a  large 
slope  takes  some  time  especially,  if  the  stuif  is  not  ready  at 
hand  (as  in  this  case).  By  the  time  the  filling  reached  to  a  level 
with  the  top  of  the  wall,  it  would  have  settled  into  a  consolidated 
mass,  and  the  pressure  of  the  wedge  of  earth  thus  formed  is  hori- 
zontal. He  (the  author)  had  then  taken  the  effect  of  the  sur- 
charge as  merely  so  much  extra  weight  in  this  wedge. 

Sir  Alexander  Kennedy,  in  his  Tiesidential  Address  to  the 
Institution  of  (Jivil  Engineers  last  year,  said,  that  engineering 
problems  differed  from  ordinary  scientific  problems  "  in  that  they 
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are  much  more  complex,  and  consequently  more  difficult  of  any- 
thing like  exact  solution,  and  still  more  because — exact  or  in- 
exact— some  solution  to  them  has  always  got  to  be  found."  He 
(the  author)  would  say,  in  conclusion,  that  the  truth  of  this 
statement  was,  perhaps,  best  appreciated  by  engineers  carrying 
out  pioneer  work  in  the  Colonies,  where  the  circumstances, 
labour,  and  material  at  hand  were  not  always  suitable,  and  where 
economy  is  a  great  consideration. 
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JOSEPH   WILLIAM   WILSON,  Vice-Phesident, 
IN  THE  Chair. 

SUBAQUEOUS    OPERATIONS 
INCIDENTAL    TO   PUBLIC    AVORKS    CONTRACTS.* 

By  H.  Blake  Thomas,  A.M.LM.K.,  A.I.N.A. 

Introductory.    ' 

The  intent  of  the  author  of  this  paper  is  to  lay  bel'ore  the 
members  of  this  Society  a  description  of  practical  operations 
under  water  with  which  he  has  become  familiar,  knowing  full 
well,  that  whereas,  only  a  small  percentage  of  members  are 
similarly  engaged,  yet  there  are  many  whose  professional  duties 
involve  tliem  in  the  more  important  sphere  of  designing  sul)- 
marine  structures,  and  whose  opportunities  for  familiarising 
themselves  with  the  practices  employed  under  water  are  small. 
There  will  be  much  omitted  from  this  paper  by  reason  of  its 
limited  length.  Great  difficulty  has  consequently  been  ex- 
perienced by  the  author  in  deciding  how  many  subjects  to 
introduce,  and  at  what  length  to  deal  w^ith  each.  If,  therefore, 
the  author  be  accused  of  being  vague,  his  retort  will  l)e  that 
space  does  not  admit  of  fuller  detail. 

The  Diver. 

Some  people  set  about  tbe  ijerfovmance  of  aiiy  submarine 
task  by  engaging  a  diver,  without  asking  to  see  the  credentials 
of  the  man  as  a  mechanic,  and  when  the  work  is  done,  take  the 
man's  word  as  to  the  result.  Whereas,  if  work  of  the  same 
importance  had  to  be  performed  on  dry  land,  the  mechanic 
would  be  i)rovided  with  a  mate  or  two,  and  his  work  would 
l»robably  be  supervised  by  the  resident  engineer  and  clerk  of 
works,  and  in  some  cases  by  a  contractor's  foreman  and  agent. 
Before  sending  a  man  under  water  to  perform  any  opc^nition, 
one    sliould   tax  one's  ingenuity  to   see    whetlier  there  is  no 
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mechanical  or  other  method  of  carrying  out  the  work  from 
above.  In  this  manner  much  subsequent  anxiety  may  be 
avoided,  and  better  and  more  efficient  results  achieved.  If 
piles  have  to  be  sawn  off  below  low-water  mark,  do  not  send  a 
diver  down.  If  holes  have  to  be  bored  in  timber  or  iron  under 
water,  provide  the  power  from  above.  If  submerged  rocks 
require  blasting,  bore  the  hole  and  charge  it  from  above,  for  the 
diver  is  safest  away  from  dynamite.  If  a  rivet  has  come  out  of 
a  ship's  bottom,  do  not  think  a  diver  is  necessary  to  insert  a 
bolt  and  nut.     Use  him  when  necessary,  but  as  a  last  resource. 


Subaqueous  Surveying. 

Before  any  satisfactory  operation  can  be  performed  under 
water,  a  survey  must  be  made,  as  is  the  case  on  dry  land,  but 
whilst  on  this  point  let  those  who  hear  take  warning  not  to 
stint  the  expense  of  the  survey.  It  must  be  borne  in  mind 
that  whereas  a  land  survey,  made  by  an  assistant,  can  be  suffi- 
ciently checked  by  his  chief  in  a  cursory  walk  over  the  site, 
the  case  is  very  different  with  a  submarine  survey.  What  tales 
could  be  told  by  eminent  engineers,  of  difficulties  which  might 
have  been  avoided,  and  money  which  might  have  been  saved, 
had  a  larger  sum  been  at  their  disposal  for  the  original  survey  ! 
A  submarine  survey  cannot  be  carried  out  for  the  same  cost  as 
a  land  survey,  for  the  two  do  not  bear  the  same  proportionate 
cost  to  the  undertaking,  the  ratio  of  the  cost  of  a  submarine 
survey  being  much  higher  than  that  of  the  land. 

In  order  to  carry  out  a  complete  submarine  survey,  a  tem- 
porary tide-gauge  will  be  the  first  thing  required.  This,  although 
simple  enough  in  itself,  needs  to  be  made  and  fixed  according 
to  certain  recognised  rules.  Zero  on  the  gauge  must  be  located 
at  a  level  well  below  the  lowest  point  that  can  possibly  enter 
into  one's  calculations,  otherwise  where  soundings  and  borings 
are  concerned,  minus  levels  will  occur  which  will  be  very  con- 
fusing. This  method  of  fixing  a  high  figure  on  the  gauge  has 
the  advantage  also  of  bewildering  inquisitive  sea-farers,  who 
often  learn  too  much  about  a  scheme  before  it  is  propounded. 
Where  a  permanent  tide-gauge  is  fixed  in  a  dock  or  harbour,  it 
is  usual  for  zero  to  denote  the  dock  sill  or  the  dredged  level. 

Let  the  figuring  on  the  gauge  conform  to  the  rule  given  in 
connection  with  the  draught  of  ships  in  the  '  Merchant  Sliipping 
Act,  1894,"  which  says,  "a  scale  of  feet  denoting  her  draught 
of  water  shall  be  marked  on  each  side  of  her  stem,  and  on  her 
stern  post,  in  Koman  capital  letters,  or  in  figures  not  less  than 
6  inches  in  length,  the  lower  line  of  such  letters  or  figures  to 
coincide  with  tlie  drauglit  line  denoted  thereby,  and  those  letters 
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or  figures  must  be  marked  by  being  cut  in  and  painted  wliite  or 
yellow  on  a  dark  ground."  Therefore,  if  any  member  has  com- 
mitted the  error  of  having  a  gauge  marked  after  the  fashion  of  a 
levelling  staff,  let  him  rectify  his  error  early,  and  let  his  tide- 
gauge  speak  the  truth  to  the  sailor,  who  places  implicit  faith  in 
it,  and  risks  his  ship  on  the  strength  of  it. 

Tliis  paper  cannot  pretend  to  review  the  different  kinds  of 
"  soundings  "  one  may  be  called  upon  to  undertake.  Nevertlie- 
less  let  especial  reference  be  made  to  the  importance  of  not  only 
recording  the  exact  depths  of  soundings  and  the  level  of  the 
water  at  the  moment  the  sounding  is  taken,  but  let  the  location 
of  the  soundin^^  be  observed,  and  booked  with  the  utmost  care, 
for  the  author  does  not  hesitate  to  say  that,  in  nine  cases  out  of 
ten,  an  error  in  location  causes  far  more  inconvenience  than  a 
slight  error  in  the  taking  of  the  sounding.  Clerical  errors  both 
in  the  sounding  and  the  locating  of  it  are  particularly  dangerous, 
being  plotted  in  the  office  with  blissful  ignorance,  while  the 
subject  of  the  error  composedly  rests,  hidden  from  the  eye, 
fathoms  deep,  without  a  chance  of  being  discovered.  To  drive  this 
point  of  accuracy  home,  let  the  question  be  asked,  "  How  often 
are  soundings  checked  "  ?  Yet  when  a  railway  engineer  levels,  he 
checks  everything  before  he  returns  to  the  office. 

Afloat  in  a  high  wind  and  strong  current,  one  may  be  anxious 
to  sound  in  the  right  place,  but  the  difficulty  is  "  to  get  there." 
Hence  the  importance  of  proper  appliances.  In  deciding  upon 
your  method,  let  provision  be  made  for  "loitering  "  and  remaining 
in  any  spot  you  may  require.  Trailing  a  graduated  rope  or  wire 
behind  a  boat  will  be  futile,  as  a  missed  sounding  will  piol)ably 
result  in  your  having  to  start  a  section  afresh.  Get  tlie  points  of 
sounding  fixed  if  possible,  either  by  cross-sights  from  tlie 
shore,  or  by  a  fixed  line  over  the  water  surface,  or  by  a  properly 
moored  raft.     The  latter  cannot  be  beaten  for  extreme  accuracy. 

Avoid  recourse  to  men  on  shore  signalling  to  you.  Get  all 
your  sights  fitted  up  before  you  go  afloat,  and  when  afloat  be 
independent  of  assistance  from  tlie  shore.  Do  the  whole  thing 
yourself,  even  to  the  reading  of  the  gauge  if  possible,  but  if  not 
thus  able,  then  take  a  sufficient  number  of  observations  and 
precautions  to  avoid  an  error  in  reading,  or  if  the  error  l)e  made, 
to  enable  you  to  discover  it. 

The  nujst  convenient  attachment  for  handling  a  sounding 
lead  is  a  lle.xible  steel  wire  rope,  an  eighth  of  an  inch  in 
diameter  or  even  more  if  for  sounding  with  a  heavy  lead. 
Gradations  may  be  made  every  foot  by  means  of  leather  laces 
inserted  between  the  strands  of  the  rope,  while  at  every  5  feet  a 
leather  tab  may  be  seized  on,  having  a  shoe  eyelet  insertetl  for 
every  multiple  of  five.     If  accuracy  in  sounding  is  rcipiired  lo 
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within  an  inch,  a  chain  is  the  only  solution,  the  links  of  which 
should  measure  exactly  one  inch.  For  sounding  in  water  not 
exceeding  40  feet  deep,  and  from  a  raft  or  barge  as  advocated, 
there  can  be  no  more  expeditious  or  satisfactory  appliance  than 
a  pole.  This  should  be  of  best  Oregon  pine,  in  one  piece,  about 
2 J  inches  square,  planed  and  painted  black  and  white  every 
3  inches  throughout  its  length,  and  figured  at  every  foot, 
weighted  sufficiently  at  the  bottom  to  overcome  flotation,  and  to 
facilitate  handling  in  a  swift  tide.  The  author  has  used  such 
poles  up  to  48  feet  in  length.  They  clearly  indicate  whether  or 
not  the  sounding  is  being  taken  perpendicularly,  and  readily 
enable  one's  sense  of  touch  to  judge  of  irregularities  on  the 
bottom. 

The  sounding  machines  seen  by  the  author  have  been 
extremely  ingenious,  and  have  reflected  the  greatest  skill  on  the 
part  of  the  inventors.  They  are  adapted  for  rapid  work,  and 
the  lead  being  fitted  with  a  diagonal  straining  wire,  they  are 
capable  of  being  used  in  a  current  where  a  free  lead  would  fail. 
Their  sphere  is  small,  for  so  few  harbours  are  sufficiently  clear 
of  anchors,  cables,  and  boulders,  to  warrant  the  use  of  such 
delicate  instruments.  If,  however,  soundings  have  to  be  under- 
taken on  a  sufficiently  large  scale,  in  water  free  from  all  low- 
lying  obstructions,  then  a  sounding  machine  would  undoubtedly 
be  a  boon. 

Trial  Borings. 

A  more  important  work  cannot  be  conceived  than  that  of 
obtaining  reliable  information  as  to  the  nature  of  the  sub-strata 
prior  to  an  engineering  work  being  commenced.  It  has  fallen 
to  the  lot  of  the  author  at  one  time  and  another  to  superintend 
submarine  trial  borings.  Tedious  as  it  may  be,  standing  for 
hours  on  the  exposed  deck  of  a  pontoon  or  raft,  the  importance 
is  im})ressed  on  one  of  the  necessity  of  watcldng  the  procedure 
from  beginning  to  end,  and  thus  ensuring  that  the  location,  the 
depths,  and  the  samplings,  are  accurate,  for  of  what  avail  is  the 
information  unless  correct  in  every  detail  ? 

If  tlie  ground  Ije  soft,  a  sludge  pump  may  be  requisitioned, 
and  an  outer  tube  must  be  followed  down  to  prevent  the  sides 
of  the  Ijore-liole  falling  in,  but  upon  reaching  any  firm  ground 
in  the  shape  of  clay,  the  use  of  an  outer  tube  need  not  as  a  rule 
be  pursued.  If  gravel  be  met,  a  shell  or  pod  auger  should  be 
introduced,  and  if  perchance  a  large  stone  be  encountered,  a  worm 
auger  will  ofttiraes  clear  the  oljstacle.  When  the  rock  is 
reached,  which  we  assume  is  the  desired  end,  it  will  be  necessary 
to  pound  away  at  it  with  a  jumper  rod  and  bit  for  a  sufficiently 
long  time  to  ensure  that  it  is  not  merely  a  boulder.     This  part 
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of  the  work  must  not  be  hurried,  for  is  it  not  within  the  recol- 
lection of  many,  that  works  designed  to  be  on  rock  founda- 
tions were  in  fact  built  upon  concrete  or  piles,  on  account 
of  the  bottom  proving  to  be  of  boulders  instead  of  rock.  If 
the  scheme  be  large  enough,  and  a  few  hundred  pounds  be 
available,  a  diamond  or  other  rotary  drill  ma}'  be  used  to 
advantage.  This  will  not  only  expeditiously  bore  a  hole  of 
sufficient  depth  to  test  the  rock,  but  will  produce  a  sample  core. 
Sometimes  it  may  be  conjectured  that  there  is  no  rock  in  a 
certain  vicinity,  and  the  engineer,  before  making  up  his  mind 
that  all  jetties,  walls,  etc.,  must  be  carried  on  piles  or  cylinders, 
desires  to  take  a  few  prickings  in  order  to  confirm  his  views. 
This  is  a  simple  enough  operation  until  a  depth  of  20  feet  is 
reached,  but  becomes  very  tedious  if  pursued  to  a  greater  depth 
by  means  of  manual  labour.  A  rotary  power-driven  drill  with 
a  steel  "  crown  "  will  be  found  to  be  the  best  implement,  and 
the  author  has  in  this  way  bored  to  a  depth  of  100  feet  in  an 
hour  or  two  without  following  down  with  outer  tubes. 

liociv  Blasting. 

The  expert  miner  or  cpiarryman  would  find  most  of  the 
methods  he  adopts  on  dr}^  land  of  little  or  no  avail  in  the  blasting 
of  submerged  rocks.  He  must,  as  a  general  rule,  forfeit  his 
scientific  placing  and  directing  of  bore-holes,  and  forget  that 
dynamite  and  gelignite  are  expensive,  and  when  he  has  well 
nigh  filled  the  bore-hole.,  let  his  only  regret  be  that  he  could  not 
get  more  into  it.  Further,  he  must  learn  to  shatter  the  rock, 
for  he  will  receive  no  thanks  from  his  superior  for  having  blown 
out  stones  which  vie  in  size  with  Cleopatra's  Needle. 

To  substantiate  the  foregoing  statement  it  should  l)e  explained 
that  the  submarine  miner  (not  Koyal  Engineers  who  are 
thus  termed)  should  not  be  consulted  as  to  the  placing  of  the 
holes.  This  should  be  settled  in  the  drawing  office,  the  iKjsition 
of  each  hole  being  so  carefully  tied  to  landmarks  (fixed  by  a 
theodolite)  that  the  draughtsman  shouhl  feel  confident  he  could, 
if  called  upon,  drop  a  plumb-bob  into  the  hole  after  the  boring 
])lant  had  been  removed.  The  spacing  and  depths  of  holes,  and 
tlie  size  of  the  charge,  can  be  regulated  only  by  e.\[)erien(;e,  and 
in  reference  to  the  plant  that  is  sul)se([uently  to  l)e  used  in  the 
removal  of  the  blasted  rock.  In  the  (juarry  or  mine  the  cost  of 
the  expLjsive  accounts  for  a  large  proportion  of  the  total  ex- 
penditure on  the  blast,  and  therefore  the  strictest  economy  must 
be  exercised.  When  under-water  work  is  concerned,  however, 
it  is  of  little  account  in  comparison  with  the  labour  expended 
on  the  boring.     If  the  rock  be  blasted  in  extremely  large  pieces, 


218  SUBAQUEOUS   OPERATIONS. 

there  is  no  mechanical  contrivance  made  which  can  successfully 
bring  it  up  from  the  bottom,  whereas  if  the  rock  be  broken 
small  enough,  it  may  be  dredged  by  the  weakest  dredger  afloat. 

The  operation  of  boring  should,  with  but  one  or  two  excep- 
tions, be  carried  on  from  above  the  water  surface  either  from  a 
staging  or  from  a  floating  craft.  There  are  many  different  forms 
of  drills  which  may  be  used,  all  of  which  probably  hold  their 
own  under  certain  conditions.  The  old  fashioned  jumper  drill, 
worked  by  a  number  of  men  pulling  down  on  "  tail "  or  "  bell  " 
ropes  passing  over  a  sheave,  cannot  be  beaten  for  simplicity 
where  the  work  does  not  warrant  an  expensive  installation,  and 
this  system  is  also  the  most  satisfactory  method  of  boring  from 
craft  subjected  to  heavy  rolling. 

The  diamond  boring  machine  has  become  well  nigh  prohibi- 
tive for  repetition  work,  owing  to  the  extreme  rise  in  the  price 
of  the  black  diamond. 

If  working  from  a  fixed  staging,  or  in  smooth  water  from 
floating  craft,  the  steam  or  pneumatic  percussive  drill  will  be 
found  most  serviceable,  provided  the  depth  does  not  exceed,  say 
40  feet. 

The  boring  should  in  all  cases  be  carried  on  through  pipes 
resting  on  the  sea  bottom,  and  coming  to  the  water  surface. 
These  pipes  are  essential  for  affording  lateral  support  to  the 
drill  rod,  and  as  a  conduit  for  placing  explosives  in  the  hole. 

The  explosive  should  be  made  up  with  the  electric  detonator 
in  a  zinc  canister  resembling  an  organ  pipe,  the  firing  wires 
passing  out  through  the  neck  of  the  canister,  which  should  be 
sealed,  and  if  possible  made  water  tight.  The  firing  may  be 
effected  by  means  of  a  series  of  batteries,  or  by  a  rack  exploder. 
If  a  dynamo  be  available,  the  chance  of  miss-fires  will  be  mini- 
mised. A  little  surplus  electricity  is  desirable  to  overcome  any 
undiscovered  leak  in  a  firing  cable,  for  nothing  can  be  more 
tantalising,  to  say  nothing  of  the  element  of  danger,  than  to  feel 
that  the  hole  is  charged  and  cannot  be  fired. 


Boulder  Clay  Blasting. 

It  often  becomes  necessary  to  use  explosives  in  the  removal 
of  boulder  clay  when  found  under  water,  although  it  would 
never  enter  one's  head  to  blast  clay  on  land.  The  use  of  explo- 
sives under  water  is  justifiable,  first  because  the  clay  is  more 
difficult  to  remove  under  such  conditions,  and  secondly  that  the 
blasting  is  more  efficient  by  reason  of  the  head  of  water  covering 
and  surrounding  the  charge. 

The  author  has  made  an  implement  which  he  terms  a  "  clay 
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exploder."  This  appliance  has  served  him  well  on  many  occa- 
sions, and  has  the  advantage  of  being  self-contained,  and  requir- 
ing nothing  more  to  operate  it  than  two  men  with  a  boat  or  raft, 
according  to  circumstances.  The  implement  consists  of  a  stout 
drawn  steel  tube  of  about  2-inch  internal  diameter,  having  the 
bottom  end  bevelled  to  form  a  cutting  edge,  the  top  fitted  ^^ith 
a  stout  screw  socket,  and  about  6  feet  down  from  the  top  a  long 
slieve  shrunk  and  pinned  on  to  the  tube.  The  whole  tulje  forms 
as  it  were  a  sheath.  Into  the  sheath  is  fitted  another  tube, 
which  without  any  machining  should  be  a  fairly  good  fit  through- 
out, but  a  snug  fit  at  the  bottom.  The  lower  end  should  project 
a  few  inches  below  the  sheath,  and  be  forged  solid  with  a  tapered 
point,  while  the  upper  end  should  be  screwed  into  the  head  of 
the  sheath,  and  should  have  two  holes  therein,  the  one  for  sling- 
ing purposes  and  the  other  for  inserting  a  bar  for  unscrewing. 
There  should  be  also  a  sliding  weight  with  ropes  attached  fitted 
on  the  sheath  between  the  head  and  the  slieve  piece. 

The  spear  is  screwed  into  the  sheath,  and  pitclied  in  the 
desired  position  for  a  blast,  the  sliding  weight  or  monkey  is  then 
operated  by  means  of  the  bell  ropes,  and  the  whole  is  driven  into 
the  clay  to  a  depth,  say  of  4  feet  or  5  feet.  The  spear  is  then  un- 
screwed and  withdrawn,  and  the  sheath  moved  to  and  fro  to 
ensure  its  easy  withdrawal  at  the  required  moment.  The  charge 
of  dynamite  enclosed  in  a  canister  and  with  firing  wires  attached 
as  previously  described  is  lowered  down  the  sheath  and  forced 
to  the  bottom  with  a  wooden  ramrod,  then  without  releasing 
the  ramrod,  the  sheath  is  carefully  withdrawn  from  the  ground 
and  the  charge  exploded. 

It  is  patent  that  this  method  of  clay  bhisting  is  only  suitable 
in  shallow  water,  but  the  author  lias  on  one  occasion  bored  and 
blasted  with  a  contrivance  as  afore- described  in  20  feet  of  water. 


The  Diving-Bell. 

For  many  years  diving-bells  have  been  abandoned,  and  those 
in  existence  have  been  looked  upon  as  curiosities,  and  used  for 
no  other  purpose  than  for  the  storage  of  oil  or  as  a  watchman's 
cabin  at  the  pier  head,  where  the  self-same  diving-bell  has 
done  such  Trojan  work.  This  is  proljably  to  be  accounted  for  by 
leason  of  the  great  improvements  whicli  liave  taken  ])lac('  in  the 
hist  tiiirty  or  more  years  in  diving-(h-esses,  but  times  have  again 
changed,  and  the  diving-bell  is  once  more  coming  into  favour, 
owing  to  the  introduction  of  electric  light  and  telephones.  In 
olden  days,  men's  lungs  became  so  charged  with  the  carbon 
emitted  from  the  candles,  that  the  liealth  of  the  men  was 
seriously  impaired. 
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The  author  pins  his  faith  to  a  diving-bell  (in  preference  to 
divers)  wherever  it  can  be  introduced,  and  he  must  therefore  be 
excused,  if  he  deals  at  some  length  with  the  subject  in  order  to 
justify  his  attitude. 

There  are  two  kinds  of  diving-bell  generally  in  use  at  the 
present  time.  One  of  these  is  termed  the  "  Caisson  Bell,"  and 
is  an  expensive  piece  of  plant  on  account  of  its  great  weight. 
There  are  one  or  two  such  bells  in  the  British  Isles,  and  the 
author  has  spent  many  hours  in  one  of  them. 

The  bell  proper  is  of  steel,  cylindrical  or  rectangular  in  shape, 
weighted  externally  to  overcome  its  displacement.  Inside  the 
bell  are  electric  lamps,  a  telephone,  seats,  racks,  and  any  special, 
equipment  for  the  particular  work  it  may  be  engaged  upon. 
From  the  crown  of  the  bell  rises  a  cylindrical  steel  shaft  of  say 
30  inches  in  diameter,  surmounted  by  an  air-lock  which  stands 
above  the  water  surface.  The  air  supply  pipes  and  electric  wires 
pass  down  the  shaft,  and  men  are  able  to  ascend  or  descend  at 
pleasure  by  means  of  an  iron  ladder.  This  bell,  which  may 
weigh  anything  over  50  tons,  is  suspended  from  a  gantry,  or 
from  a  specially  constructed  pontoon,  and  is  capable  of  being 
raised  or  lowered  at  will.  The  pontoon  is  fitted  with  the  neces- 
sary boilers,  air  compressors  and  receivers,  winding  engines, 
mooring  winches,  etc.,  and  altogether  the  plant  is  very  elaborate 
and  expensive. 

The  other  kind  of  bell,  which,  owing  to  its  simplicity,  is  more 
commonly  used,  may  best  be  termed  a  ''  box-bell."  It  is  identical 
with  the  oldest  bells,  save  that,  perhaps,  the  shape  has  been 
modified  somewhat,  and  that  it  is  now  made  of  mild  steel  instead 
of  cast  iron.  The  box-bell  is  rectangular  in  shape,  weighted 
on  the  outside,  and  stands  about  6  feet  high.  If  the  bell, 
however,  is  to  work  in  a  trench,  or  alongside  a  wall,  the  ballast 
will  be  more  advantageously  phiced  inside,  but  this  will 
curtail  the  room.  The  ballast  should  not,  in  any  case,  reach 
within  4  inches  of  the  bottom  of  the  bell,  and,  if  fitted  outside, 
should  be  bevelled  on  its  lower  and  upper  edges  to  avoid  catching 
in  any  obstruction.  For  the  same  reason,  all  external  angles  of 
the  bell  sliould  be  well  rounded.  There  may  be  two  or  more  plate 
glass  bull's-eyes  inserted  in  the  sides  similar  to  ships'  portholes. 
Although  these  give  a  better  light,  if  placed  near  the  top,  they 
should,  for  the  safety  of  the  men,  be  kept  down  as  low  as  possible 
in  case  of  breakage.  Towards  the  toj)  of  the  bell,  forged  slinging 
eyes  should  be  fixed,  and  these,  together  with  the  sling  chiiins, 
should  lie  fully  four  times  as  strong  as  an  ordinary  crane  chain 
designerl  to  lift  the  same  weight.  In  the  crown  of  the  bell  the 
air  supply  pipe  is  fixed  with  a  gun-metal  connection  and  non- 
return valve,  so  that  in  the  event  of  the  pipe  becoming  severed 
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the  air  shall  not  escape  from  the  bell.  A  gun-metal  gland  makes 
tlie  necessary  water-tight  connection  in  the  crown  for  admitting 
the  specially  manufactured  cable.  This  cable  carries  all  the 
telephone  and  lighting  wires  to  the  surface.  Through  another 
gland  works  a  signalling  rod,  which  is  found  to  be  very  conveni- 
ent for  communication  when  lowering,  raising,  or  otherwise 
operating  the  bell. 

An  electric,  steam,  or  hand  winch  is  necessary  for  lifting  the 
bell  out  of  the  water,  to  allow  the  men  to  enter  and  leave,  but 
it  is  not  desirable  to  sling  it  from  the  jib  of  an  ordinary  crane 
without  some  precaution  having  been  taken  to  obviate  the  possi- 
bility of  the  crane  slewing  rapidly,  tlms  causing  the  ])ell  to 
capsize. 

The  distinct  advantage  of  the  diving-bell  is  that  almost  any 
man  of  ordinary  physique  is  willing  to  go  below  in  it,  wliich  is 
a  decided  boon  to  the  engineer  and  foreman,  who  are  frequently 
troubled  by  divers  absenting  themselves  from  work  through 
sickness  and  other  causes. 

Divers  are  apt  to  despise  the  bell.  They  seldom  volunteer 
to  work  in  one,  and  do  not  hesitate  to  describe  it  as  a  "  death- 
trap." This  is  not  a  fair  term  to  use,  for  accidents  to  a  l)ell  are 
well  nigh  impossible,  if  ordinary  precautions  are  taken.  xVt  the 
worst,  a  man  may  dive  from  the  bell  and  come  to  the  surface 
without  difficulty,  and  he  may  rely  upon  not  being  short  of 
breath  on  his  upward  journey,  by  reason  of  the  compressed  air 
having  fully  charged  his  lungs.  Brunei  dived  out  of  a  bell  early 
last  century,  and  it  has  been  done  in  the  present  century  to  the 
author's  knowledge. 

The  following  are  a  few  of  the  many  submarine  operations 
which  are  more  efficiently  performed  by  means  of  a  diving-bell 
than  by  a  diver  : — 

1.  The  scalping  of  rock  to  form  foundations,  as  also  the 
laying  and  screeding  of  a  concrete  bed,  on  which  to  set  heavy 
concrete  or  masonry  blocks.  The  custom  of  suspending  heavy 
railway  metals,  and  setting  a  diver  to  screed  in  a  bed  of  concrete 
level  with  the  underside  of  the  rail,  is  as  useless  as  it  is  im]u-actic- 
able,  for  not  only  will  the  concrete  sent  down  to  the  diver  be 
devoid  of  cement  by  the  time  he  has  trampled  and  mauled  it 
about,  but  the  screeded  bed  will  be  level  only  by  accident.  On 
the  other  hand,  within  a  bell,  the  concrete  may  be  sjiread  with 
care,  and  levelled  with  an  ordinary  straight  edge  and  spirit  level. 
The  author  goes  so  far  as  to  say  that,  in  his  opinion,  engineers 
should  specify  in  all  large  works  of  block-setting,  that  the 
screeding  be  done  by  means  of  the  diving-bell,  for  if  the  tirst 
course  of  blocks  be  laid  out  of  level,  how  can  it  be  expected  that 
the  second  and  subsequent  courses  shall  be  level  ?     Furthermore, 
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if  the  engineer  wants  a  substantial  base  to  his  wall  or  pier,  let 
him  pay  particular  attention  to  his  bottom  course.  From  the 
contractor's  point  of  view,  nothing  will  ensure  such  economy  in 
block-setting  as  a  little  extra  money  spent  on  the  reception  of 
the  first  course. 

2.  The  examination  and  renewals  of  roller  paths  for  dock 
gates  is  a  simple  matter  when  performed  from  a  diving-bell,  but 
the  task,  if  undertaken  by  a  diver,  must  not  only  be  arduous  but 
unsatisfactory  when  completed. 

3.  The  cutting  of  a  trench  in  rock  for  sewer  outfalls,  and  the 
grading  of  concrete  to  receive  the  pipes. 

4.  At  Gibraltar,  a  diving-bell  was  recently  engaged  in  sinking 
pits  and  trenches  for  burying  permanent  mooring  chains  and 
anchors,  in  order  that  there  should  be  no  projection  above  the 
sea- bottom  which  might  prove  a  menace  to  shipping. 

Concrete. 

The  author  prefers,  in  a  paper  of  this  sort,  not  to  dwell 
upon  the  science  of  mixing  and  making  concrete  for  "  in  situ  " 
work  under  water.  He  will,  therefore,  restrict  his  remarks 
to  one  or  two  details  concerning  the  casing  or  shuttering  used 
for  submarine  structures,  and  the  mode  of  lowering  the  concrete. 

Casing. — All  are  familiar  with  the  method  of  sliding  panels  in 
grooves  or  channel  irons.  This  method,  however,  cannot  well  be 
adopted  under  water,  inasmuch  as  the  raising  of  the  panel  cannot 
be  effected  until  the  concrete  has  set,  and  who  is  there,  who 
would  dare  to  strike  under-water  casing  in  less  than  a  fortnight 
from  the  time  the  concrete  was  laid.  Consequently,  this  method 
becomes  impracticable,  as  the  work  cannot  as  a  rule  be  left  for 
so  long  a  period. 

The  method  handed  down  to  the  author  by  his  predecessors, 
has  been  to  commence  the  casing  at  the  bottom,  and  never  to 
strike  a  board  until  the  concrete  in  that  particular  section  has 
been  brought  above  low  water-mark.  No  other  method  can  en- 
sure a  successful  facing  to  the  concrete,  and  it  is  by  far  the 
cheapest,  because  the  price  of  planking  is  insignificant  compared 
with  the  divers'  labour  necessary  for  releasing  and  adjusting 
panels. 

The  planking  used  is,  generally  speaking,  3  inches  thick  by 
9  inches  to  12  inches  wide,  tongued  and  grooved,  with  the 
tongues  J  inch  thick,  but  with  rather  more  clearance  in  the 
groove  than  is  given  in  dry  land  work.  Sometimes  circum- 
stances warrant  the  making  of  panels  of  say  4  or  5  boards  width, 
in  which  case  it  will  be  seen  at  a  glance  that  a  considerable 
amount  of  ballast  is  necessary  to  sink  the  wood.     This  coupled 
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with  the  cumbersomeness  of  the  panel  itself  often  entails  the 
use  of  two  divers.  It  will  be  found  preferable  and  more  econo- 
mical in  most  cases  to  fix  the  casing  in  single  boards,  liaving 
the  spike  holes  bored  in  the  ends  ready  for  the  diver  to  drive 
the  spikes. 

For  this  fixing  of  the  casing  the  autlior  lias  found  that  a 
weighted  stirrup  iron  hxed  on  either  end  of  the  plank  is  the  most 
satisfactory,  for  it  has  the  treble  advantage  of  being  the  means 
of  fixing  the  rope,  of  sinking  the  board,  and  of  guiding  and  liold- 
ing  it  in  place  at  one  end  while  tlie  single  diver  walks  to  the 
other.  Two  men  at  the  surface  throw  the  planks  overboard 
with  the  sinkers  attached,  and  lower  them  into  position  for  the 
diver,  who  remains  below  and  fixes  the  hoards  very  rapidly.  A 
thumb-screw  releases  the  sinkers,  and  they  are  hauled  to  the  top. 

Tipping  Boxes. — Concrete  should  be  lowered  through  tipping 
boxes  having  doors  in  the  bottom,  and  although  for  "  hearting" 
work  the  doors  may  be  hinged  on  both  sides,  for  face  work,  a  box 
with  a  single  door  should  be  used,  having  the  hinges  on  the  side 
remote  from  the  casing,  which  causes  all  the  concrete  to  press 
against  the  casing  upon  tlie  catch  being  released.  Catches 
sliould  be  automatic  in  tlieir  action,  so  that  the  diver  shall  not 
have  a  hand  in  the  matter.  This  will  obviate  injurious  results 
both  to  the  concrete  and  the  diver's  hands. 

It  is  not  implied  that  the  services  of  a  diver  are  always 
necessary,  for  in  "  hearting  work "  there  is  no  need  for  one ; 
but  for  "  facing  "  it  would  be  folly  to  do  without  one,  until  the 
work  has  reached  within  a  few  feet  of  low  water-mark.  The 
larger  the  box  the  more  efficient  the  concrete,  and  on  no  account 
should  the  concrete  be  moved  after  it  has  fallen  from  the  box. 

The  Submarine  Telescope. 

This  is  a  most  useful  invention  to  have  about  a  dock  or  on 
board  ship,  aad  is  wonderfully  efficient  in  depths  not  exceeding 
10  feet.  It  is  very  useful  for  examining  a  ship's  propellers, 
and  for  many  other  services. 

Dredging. 

This  heading  comprises  so  much,  that  no  paper  dealing  with 
submarine  operations  would  be  complete  without  making  refer- 
ence to  it.  Being  so  wide  a  subject  in  itself,  it  will  be  impossible 
to  do  more  than  to  pass  a  few  general  remarks  upon  (iilferent 
methods  employed. 

Bag  and  Spoon. — It  would  appear  that  this  is  one  of  the 
earliest  forms  of  dredging,  but  because  simple  and  antiquated 
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it  must  not  be  condemned,  for  there  are  cases  where  this 
becomes  the  cheapest  method.  To  give  an  instance,  the  author 
recently  had  occasion  to  remove  a  small  quantity  of  gravel 
from  a  corner  inaccessible  even  to  a  grab  barge,  therefore  a  bag 
and  spoon  came  as  a  boon,  and  in  a  day  or  two  removed  the 
obstacle. 

The  American  Dvpper  Dredger. — The  author  has  had  no 
experience  of  this  machine,  but  it  appears  to  have  been  evolved 
from  the  "  bag  and  spoon,"  even  if  the  steam  navvy  has  been 
one  of  tbe  stages  in  that  evolution. 

The  Grab  Dredger. — Although  despised  by  many  who  are 
engaged  on  extensive  dredging  work  (owing  to  its  comparative 
slowness),  the  grab  dredger  still  continues  to  hold  its  OAvn  in 
certain  dredging  works,  such  as  the  clearing  of  isolated  patches 
and  awkward  corners,  as  also  the  maintaining  of  small  fair- 
ways, harbours,  and  basins,  where  the  cost  of  a  bucket  or  suction 
dredger  would  be  prohibitive. 

Grabs  may  be  divided  into  two  classes,  viz.  single-chain 
grabs  and  double-chain  grabs,  the  former  capable  of  being  used 
with  an  ordinary  crane,  and  the  latter  involving  a  special  crane 
with  two  barrels. 

There  is  no  intention  of  advertising  any  firm,  but  it  is 
essential  to  mention  the  names  of  the  makers  when  describing 
grabs.  Messrs.  Priestman  Bros.,  of  Hull,  undoubtedly  produce 
one  of  the  best  double-chain  grabs.  Their  cranes  are  also 
of  excellent  make,  but  they  do  not  stand  alone,  as  there  are 
other  makers  who  follow  almost  identical  principles  in  the 
construction  of  the  grab,  and  are  no  doubt,  therefore,  very  keen 
competitors  of  the  firm  named. 

The  single-chain  grab  which  appears  to  be  most  in  use  is 
Hone's  grab,  made  by  the  Thames  Ironworks  Company.  Other 
single-chain  grabs  no  doubt  give  satisfaction,  but  the  author 
prefers  the  Hone's,  which,  with  a  few  slight  alterations,  are 
easily  adapted  for  under-water  work. 

It  is  often  argued  that  grabs  will  not  work  in  blasted  rock, 
and  although  the  author  has  removed  many  thousands  of  cubic 
yards  in  this  way,  he  has  been  told  emphatically  by  the  inventor 
of  a  grab,  that  no  grab,  either  single  or  double,  could  work 
satisfactorily  in  rock.  It  is  true  that  many  single-chain  grabs 
are  utterly  useless  for  such  work,  but  Priestman's,  and  Hone's, 
double  and  single  chain  grabs  respectively  will  do  good  work,  if 
well  stiffen^,  and  if  manipulated  scientifically  by  the  crane 
driver. 

The  Bucket  Dredger  is  undoubtedly  the  most  serviceable  tool 
for  ail  round  work,  for  not  only  can  large  quantities  of  dredging 
be  dealt  with  by  means  of  it,  but  in  the  event  of  the  material 
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changinq^  from  soft  silt  to  fine  sand  or  gravel,  or  clay  or  rock, 
the  bucket  dredger  will  still  answer  with  varying  degrees  of 
success.  Bucket  dredgers  may  be  divided  into  three  classes, 
viz.  stationary,  self-propelling,  and  hopper. 

Stationary  dredgers  are  the  oldest  form,  and  even  now  in 
certain  cases  are  all  that  is  required,  if  they  are  not  to  be 
moved  from  port  to  port.  Some  stationary  dredgers  which  are 
now  in  use  are  getting  very  old,  but  the  strength  with  which 
they  were  built,  and  the  good  machinery  which  was  put  into 
them,  make  them  still  very  serviceable. 

Self-propelling  dredgers  are  extremely  useful  for  moving 
about  from  ])ort  to  port,  and  even  for  workinir  iu  or  about  large 
harbours,  where  the  inconvenience  of  towing  them  becomes  a 
consideration. 

Hopper  dredgers,  whicli  are  self-propelling,  will  be  found 
economical  nnd  satisfactory  in  narrow  waters,  wliere  the  mooring 
of  a  stationary  dredger  with  ho])pers  alongside  would  be  a  hin- 
drance. They  are  also  most  useful  in  removing  rock,  wliere  tlie 
cargo  takes  some  time  to  obtain,  and  where  the  time  occupied 
in  discharging  the  cargo  is  insignificant  in  comparison  with  the 
time  taken' in  getting  it. 

Suction  Dredgers  have  easily  beaten  all  records,  but  although 
they  can  dredge  such  surprising  quantities  of  sand,  yet  their 
sphere  is  very  limited,  and  when  put  to  work  in  gravel,  it  is 
nothing  uncommon  for  their  output  to  be  reduced  by  50  per 
cent.  When  made  to  work  where  clay  or  large  stones  prevail, 
they  immediately  fall  far  short  (jf  the  bucket  dredger.  It  is  a 
fact  tliat  a  sand  pump  can  ]xiss  almost  anything  which  enters 
its  suction  pipe,  but  let  not  this  statement  be  taken  to  mean 
that  it  is  good  for  the  pump.  On  the  contrary,  the  passing  of 
large  stones  causes  excessive  wear,  and  breakdowns  at  times  not 
expected.  The  conspicuous  advantage  of  a  suction  dredger  over 
a  bucket  dredger  in  the  removal  of  fine  sand  lies,  not  only  in  tht^ 
fact  that  tlie  oat})ut  of  the  suction  dredger  in  such  material  is 
gi^eater  than  that  of  the  bucket  (h'cdger  in  any  material,  but  that 
the  l)ucket  dredger  works  remarkably  bjully  in  fine  sand,  inas- 
much as  the  buckets  can  only  be  filled  fiush,  and  the  sand 
becomes  so  consolidated  that  it  will  not  leave  the  buckt^t  at  the 
right  moment,  a  large  proportion  of  it  returning  td  the  bottom. 

Dredgeus  for  UeclaxMation  Work. 

The  low-lying  lands  in  Holland  afford  an  excellent  oppor- 
tunity for  land  reclamation,  owing  to  the  difficulty  of  finding  a 
"dumping  ground"  for  the  immense^  amount  of  dredging  that  is 
carrieil  on  in  cutting  and  deepening  the  canals,  and  iiy  reason  of 
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the  greatly  enhanced  value  of  the  land  when  thus  raised  a  few 
feet.  Nature  seems  to  have  been  kind  to  the  Dutch  in  that 
there  is  an  absence  of  rock,  and  that  the  dredged  material  is  such 
that  it  can  be  almost  invariably  put  into  solution  or  suspension. 

The  prevalent  custom  in  Holland  is  to  use  a  bucket  dredger 
to  excavate  the  spoil,  and  a  suction  dredger  to  unload  the  barges, 
and  to  deliver  the  material  on  to  the  land. 

There  is  in  the  North  of  Germany  and  Denmark  a  method 
which  seems  to  commend  itself  for  "  reclamation  "  work,  as  it  is 
adapted  for  work  in  material  which  may  contain  a  certain  pro- 
portion of  stone,  gravel,  and  clay.  This  metliod  consists  of  a 
bucket  dredger  with  a  special  ladder  over  the  side  which  exactly 
fits  the  well  of  a  barge,  and  no  matter  how  stiff  the  material  is, 
it  can  be  dug  out  of  the  barge.  It  is  then  elevated  a  consider- 
able height  and,  by  means  of  a  powerful  centrifugal  pump, 
washed  through  pipes  leading  ashore. 

The  author  has  been  recently  engaged  upon  the  reclamation  of 
about  40  acres  of  land  from  the  sea,  and  the  raising  of  it  to  a 
height  of  6  feet  above  high  water-mark.  In  the  execution  of 
this,  a  plan  has  been  adopted  which,  as  far  as  his  knowledge  goes, 
has  never  been  used  in  its  entirety  in  this  country  before.  This 
statement  is  made  not  in  any  boastful  spirit,  but  rather  with  the 
intention  of  drawing  some  one  to  give  information  of  a  parallel 
case. 

The  dredging  and  reclamation,  to  the  extent  of  over  a  quarter 
of  a  million  cubic  yards,  was  carried  out  by  one  suction  dredger, 
which  not  only  moved  about  and  cleared  the  ground  to  a  given 
level,  pumping  the  spoil  (mostly  sand  and  gravel)  ashore  through 
a  floating  tail  of  pipes  (^  mile  in  length),  but  when  working  at 
low  tide  elevated  the  material  17  feet  and  pumped  it  through  a 
considerable  length  of  pipe  on  the  shore.  These  shore  pipes 
were  necessary,  owing  to  the  spoil  being  too  heavy  to  flow  in 
solution,  and  the  consequent  accumulation  of  big  heaps  of  stone 
at  the  pipe  end,  which  no  ordinary  force  of  water  could  dissemi- 
nate. 

The  wear  and  tear  in  the  pump  was  very  great  indeed,  but 
this  is  no  argument  against  the  scheme.  The  fact  remains  that 
no  other  known  method  could  have  been  applied  so  cheaply. 

The  longed,  length  of  pipe  used  collectively,  afloat  and  ashore, 
was  two- thirds  of  a  mile,  but  under  certain  conditions,  there  is 
n«)  reason  why  a  mile  of  piping  should  not  be  used. 
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DISCUSSION. 

The  Chairman  said  tliat  tlie  subject  was  a  very  wide  one, 
but  the  author  had  mannged,  in  the  course  of  three-quarters  of 
an  hour,  to  brinLj  before  the  meeting  many  important  details 
well  concentrated.     He  had  very  rightly  emphasized  the  fact 
that  engineers  should    do    without  divers   if  they  could,    and 
though  they  were  very  necessary  under  certain  circumstances, 
they  were  not  a  cheap  article  at  the  best  of  times.     There  could 
l)e  no  doubt  as  to  the  importance  of  every  engineer  being  able 
to  assume,  if  necessary,  the  diving  dress  for  the  purpose  of 
inspecting  works  under  water.     Only  the  other  day  an  engineer 
told  him  that  he  had  some  divers  at  work  in  underpinning  the 
toe  of  a  concrete  breakwater,  and  they  were  supposed  to  be 
digging  out  an  excavation  to  certain  dimensions,  and  filling  it 
u})  with  a  special  arrangement  of  concrete  ;  but  he  had  to  take 
tlieii-  word  as  to  its  being  properly  done,  and,  though  not  a  very 
sceptical  man,  he  would  have  liked  very  much  to  go  down  and 
see  the  \\ork  himself.     As  to  the  diving  bell,  it  was,  as  they 
knew,  a  much  simpler  affair.     It  was  pleasantly  supposed  that 
the  man  who  went  down  in  a  diving  bell  did  not  require  any  skill 
whatever,  and  that,  therefore,  he  need  not  be  paid  at  any  higher 
rate   than    other   workmen.     He   remembered    that  when    the 
members  of  the  Society  visited  Folkestone  Harbour  works  at 
tlie  time  that  they  were  being  extended  some  years  ago,  they 
were  told  that  the  men  in  the  bell   were  not  paid  more   than 
ordinary  wages.     It  was  clear  that  there  were  different  amounts 
of  skill  required  for  working  in  a  box  bell  and  in  a  diving  dress  ; 
the  latter  obviously  requiring  a  good  deal  of  practice  in  manipu- 
lation.    The  author  had  suggested  that  until  very  recently  the 
diving  bell  was  out  of  fashion.     That  might  be  to  a  certain 
extent  true,  l)ut  bells  had  been  used  for  many  years.     They  were 
aware  that  at  Dover  the  Admiralty  work  had  been  done  very 
much  with  bells,  which  had  been  used  for  preparing  the  bottom 
for  the  blocks  that  had  been  put  in.     Dover  was,  he  thought, 
a  good  example  of  the  combination  of  the  box   ])ell  and   the 
diving  dress.     After  the  bells  had  been  used  in  preparing  the 
bottom,  the  blocks   were  lowered  separately,  and  divers  went 
down  to  see  that  they  were  placed  properly  in  situ.     He  did 
not  see  why  a  diver  should  call   the  diving  bell  a  death-trap. 
It  had  always  seemed  to  him  that  a  diving  dress  might  be  called 
a  death-trap,  and  as  many  risks  were  as  likely  to  befall  a  man 
in  a  diving  dress  as  a  man  in  a  bell.     He  agreed  with  the 
author  in  thinking  that,  when  the  bell  was  pro])erly  mardpu- 
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lated,  it  was  a  very  safe  thing.  At  the  same  time,  if  the  bell 
rested  on  the  bottom  and  anything  went  wrong,  it  was  not 
possible  for  the  man  to  dive  out  of  it.  He  would  ask  the 
meeting  to  give  a  vote  of  thanks  to  the  author,  and  he  was  sure 
that  they  would  do  so  very  heartily. 

A  vote  of  thanks  was  then  accorded  to  the  author  by  acclam- 
ation. 

Mr.  F.  G.  Bloyd  said  that  the  subject  brought  forward  by 
Mr.  Blake  Thomas  was  one  of  great  interest.  The  keynote  of 
the  paper  was,  he  thought,  contained  in  the  first  few  words 
under  the  heading  "  Subaqueous  Surveying,"  in  which  the 
author  said,  "  Let  those  who  hear  take  warning  not  to  stint  the 
expense  of  the  survey."  Perhaps  more  trouble  had  been 
caused  by  surveys  below  water  having  been  stinted  in  the 
matter  of  cost  than  had  been  the  case  in  any  other  preliminary 
engineering  operation.  The  author  had  pointed  out  that  it  was 
impossible,  without  a  proper  survey,  either  to  gauge  the  extent 
of  the  bottom  or  the  evenness  or  the  unevenness  of  the  surface, 
or  the  probable  extent  to  which  foundations  would  have  to  be 
taken.  He  agreed  that  spending  money  in  the  first  place  on  a 
survey  might  often  save  considerable  expenditure  afterwards. 

With  regard  to  the  question  of  soundings,  the  author  said 
that  in  order  to  carry  out  a  complete  submarine  survey  a  tem- 
porary tide-gauge  would  be  the  first  thing  required.  This  was 
another  very  important  item.  He  could  speak  with  a  little 
experience  as  to  some  soundings  which  the  railway  company 
wdth  which  he  was  engaged  had  to  take  periodically  near  the 
mouth  of  the  Medway  in  providing  a  channel  for  Continental 
steamers.  The  depth  was  never  very  good,  and,  although  the 
steamers  drew  only  12  feet  of  water,  a  difficulty  was  found  in 
maintaining  a  depth  of  14  feet  of  water  at  low  tide.  A  bar 
formed  at  the  mouth  of  the  river,  and  although  they  had  a  tide- 
gauge  at  the  pier  where  the  steamers  were  bertherl,  yet  this  pier 
was  situated  at  some  distance  from  the  portion  of  the  channel 
where  the  siltage  occurred,  and  the  first  step  always  taken  before 
any  soundings  were  taken,  as  tliey  did  every  two  or  three  years, 
was  to  fix  up  a  temporary  tide-gauge  as  recommended  by  the 
author.  The  tide-gauge  was  placed  in  full  sight  of  the  man 
who  was  taking  the  soundings,  and  therefore  he  could  first  take 
the  soimdings  from  a  boat  and  book  them,  at  the  same  titne 
noticing  the  exact  state  of  the  tide.  This  was  a  very  important 
point,  Jind  conduced  greatly  to  accurate  information  being 
obtained.  The  soundings  had  to  })e  taken  over  an  area  of 
abr>ut  1000  feet  long  and  300  feet  wide,  and  their  plan  was  to 
liave  two  boats  moored  one  behirid  the  other.  They  took  their 
centre  or  base  line  from  a  leading  light  on  the  pier  in  front  and 
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a  large  tower  on  the  mainland  behind.  These  two  fixed  points 
gave  a  good  and  convenient  line,  on  which  the  whole  phin  of 
the  soundings  was  built  up.  That  was  a  very  great  advantage, 
as  it  enabled  the  soundings  to  be  taken  each  time  on  the  same 
spots,  and  recorded  on  a  large  scale  chart  in  the  head  office,  the 
soundings  being  plotted  thereon  in  different  colours  from  year 
to  year  as  they  were  taken. 

Accuracy  in  taking  soundings  enabled  a  very  good  estimate 
to  be  formed  of  the  cost  of  the  dredging  that  would  have  to  l)e 
carried  out.  If  an  engineer  could  give  his  bop.rd  of  directors  or 
his  harbour  or  port  trust  a  good  estimate  of  the  number  of  cubic 
feet  which  would  have  to  be  dredged,  the  contractor  would  give 
a  much  closer  price  than  he  otherwise  would. 

Eeferring  to  the  question  of  dredging,  the  author  said  that 
the  grab  dredger  was  of  exceeding  use  in  awkward  corners  and 
inaccessible  places.  There  again  he  (Mr.  Bloyd)  thorougldy 
agreed  with  the  author.  His  company  had  several  small  docks 
and  harbours  which  had  to  be  kept  free  of  mud,  and  one  course 
which  they  had  followed  was  to  erect  a  grab  worked  ])y  hand 
power  on  a  small  liarbour  barge.  The  barge  could  work  all 
round  a  harbour  or  dock  without  disturlung  the  rest  of  the 
vessels,  and  it  could  pick  up  the  mud  under  the  quay  walls 
where  it  mostly  silted  up.  The  work  could  be  done  very  umch 
better  by  this  means  than  if  they  employed  a  large  dredger.  A 
dredger  was  once  taken  into  one  of  the  small  liarl)ours,  but  it 
so  dislocated  the  traffic  that  they  had  to  keep  l)oats  outside,  and 
steamers  which  made  periodical  calls  lost  a  few^  tides  l)y  having 
to  wait.  The  small  grab  dredger  to  which  he  had  referred  was 
found  to  work  very  cheaply. 

In  cormection  with  the  (piestion  of  rock  dredging,  the 
author  alluded  to  blastim;  to  i^et  rid  of  rock,  but  he  would  like 
to  ask  the  author  whether  he  had  any  exi)erieuce  in  removing 
rock  by  the  rock-cutting  ram.  That  system  was  used,  he  l)elieved 
with  great  success,  in  the  widening  of  the  Suez  Canal  some  years 
ago.  The  ram  consisted  of  a  sort  of  iron  pile,  with  a  cutting 
edge  which  was  drop])ed  upon  the  rock  and  shattered  it  into 
pieces  ;  and  it  was  stated  that  they  could  get  a  more  even  bottom 
in  the  l)ed  of  the  canal  l>y  this  means  than  they  could  by  Idasting. 
In  blasting,  more  rock  might  be  removed  in  certain  cases  than 
with  the  ram,  but  more  even  work  was  claimed  to  be  accom- 
plished by  the  latter.  He  shouhl  like  to  know  whether  the 
author  could  say  anytliing  more  on  that  ])oint. 

In  s])eaking  of  the  diving  l>ell,  theautlior  had  referred  td  tlie 
I)orth(des,  and  had  recommended  tliat  they  slmuld  be  put  low 
down  to  avoid  breakage.  He  thought  that  the  author  would 
arhnit  that  the  portholes  ol"  a  diving-bell  were  protected  by  l)ars 
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inside  and  outside,  so  as  to  minimise  the  risk  of  breakages  as 
much  as  possible. 

The  paper  had  dealt,  perhaps,  more  with  the  preliminary 
part  of  subaqueous  work,  and  it  had  not  made  any  allusion  to 
preparing  foundations  for  sea-work  by  putting  concrete  bags  in 
situ.  He  believed  that  when  the  South  Pier  at  Aberdeen 
Harbour  was  extended  some  years  ago,  the  rock  on  which  it  was 
formed  was  exceedingly  hard  granite,  and  it  was  recognised  that 
it  would  be  a  very  expensive  work  to  remove  it,  either  by  blasting 
or  by  any  other  process.  Therefore  a  layer  of  concrete  bags  was 
tipped  on  the  top  of  the  granite,  so  as  to  make  the  surface 
comparatively  level ;  and  then  divers  filled  in  whatever  small 
holes  there  might  have  been  with  very  small  concrete  bags,  so 
that  they  got  a  good  bed  on  which  to  rear  the  structure  of  the 
walls. 

Dredging,  and  the  filling  up  and  reclamation  of  ground  by  the 
suction  dredger,  were  points  which  were  being  widely  followed. 
He  could  call  to  mind  several  low-lying  tracks  on  the  Medway 
which  had  been  successfully  filled  up  with  a  pump  dredger.  It 
elevated  the  silt  directly  over  the  low  retaining  walls,  and  very 
good  pasture  land  now  existed  in  many  places  which  were  waste 
land  previously. 

He  agreed  with  the  recommendation  of  the  Chairman  that 
every  engineer  should,  if  possible,  become  a  diver.  He  remem- 
bered in  a  paper  which  they  had  heard  from  Mr.  Latham,  of 
Penzance,  a  few  years  ago,  the  same  remark  was  made  ;  and 
what  was,  perhaps,  more  important  was  that  Mr.  Latham  told 
them  that  he  always  went  down  himself  to  see  every  piece  of 
work  before  he  passed  it.  The  author's  paper  had  shown  that 
more  engineers  ought  to  take  up  the  study  of  diving,  and 
nowadays  it  was  possible  to  take  practical  lessons  at  no  very 
great  expense. 

Mr.  E.  J.  SiLCOCK  said  that  they  were  much  indebted  to  the 
author  for  an  exceedingly  able  and  interesting  paper.  He  had 
not  himself  had  much  experience  of  diving  bells,  although  he 
had  seen  them  in  use  in  various  places,  among  which  were  the 
Dover  works  which  had  been  already  mentioned,  and  lie  must 
say  he  thought  that,  for  the  preparation  of  ground  for  the  foun- 
dations of  walls,  diving  bells  had  very  distinct  advantages  over 
divers.  He  had  a  very  great  admiration  for  divers  as  a  class, 
but  they  had  their  peculiarities,  and  one  of  these  was  that  they 
were  not  always  to  be  depended  upon  at  the  particular  time  that 
they  were  wanted.  Their  work  was  of  a  very  precarious  nature, 
and  it  often  occurred  that  at  a  particular  moment  they  were  un- 
able to  do  the  work  which  they  were  required  to  do.  A  diver 
could  go  to  very  many  places  in  which  a  diving  bell  would  be  of 
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very  little  use.  He  once  had  to  remove  the  wreck  of  a  large 
steamer  wliich  was  broken  in  two,  and  he  had  to  put  a  bulkhead 
in  the  open  ends  and  float  the  vessel  away.  She  was  filled  with 
silt  and  sand,  and  the  divers  had  to  fit  the  bulkhead  under  water, 
and  the  silt  and  the  sand  had  to  be  removed  from  the  hold  of  the 
vessel.  This  was  done  by  pumping  the  silt  out  through  a  flexible 
suction  pipe.  There  was  a  little  point  of  detail  which  might 
be  of  interest,  and  that  was  he  found  he  could  remove  the 
sludge  and  mud  very  much  more  easily  with  the  pump  when  he 
had  contracted  the  nozzle  on  the  suction  pipe  end.  When  the 
pump  was  working  with  the  ordinary  full  bore  suction,  there  was 
not  half  as  much  stuff  removed  as  there  was  when  a  conical  end 
was  put  on  which  contracted  the  end  of  the  suction  pipe  to  about 
a  quarter  of  the  sectional  area  of  the  pipe. 

Divers  were  often  used  for  examining  dock  gates  and  moor- 
ings and  things  of  that  kind  in  which  it  was  obvious  that  the 
diving  bell  could  not  be  used. 

The  question  of  dredging  was  a  very  large  one,  and  one  on 
which  they  might  easily  have  a  long  discussion.  The  Dutch 
were  alluded  to  by  the  author,  and  with  reference  to  them  he 
might  say  that  he  was  very  much  struck  some  few  years  ago  l)y 
the  fact  that  the  Dutch  could  build  a  dredger  for  less  money 
than  Englishmen  could.  He  had  to  buy  a  dredger  in  a  hurry, 
and  could  not  find  one  in  England  as  cheap  and  good  as  one 
which  he  bought  in  Holland.  He  was  struck  with  the  fact  that 
the  engines  of  the  Dutch  dredgers  were,  for  the  most  part,  made 
in  England,  but  the  hulls  and  gearing  were  made  in  Holland. 
Dutch  dredgers  were  mostly  designed  for  work  in  their  own 
country,  and  they  were  not,  perhaps,  so  strong  as  the  dredgers 
in  use  in  England,  and  one  would  not  care  about  usinj.'  a 
Dutch  dredger  to  dredge  rock  with.  They  were  made  for  dredg- 
ing soft  material.  It  always  seemed  to  him  that  the  h«)])per 
dredger  was  a  mistake.  He  did  not  know  what  excuse  lliere 
could  be  for  building  a  very  large  machine  which  had  a  large 
ladder  and  buckets,  and  the  necessary  machinery  for  dredging, 
and  tlien  to  use  it  for  conveying  the  material  dredged.  It  was 
far  better  to  have  the  dredger  as  a  separate  machine,  and  to  let 
the  dredgings  be  put  upon  hopper  barges  towed  in  the  ordinary 
way,  or  propelled  by  their  own  machinery.  Certainly,  lu;  did 
not  think  that  the  dredger  itself  should  be  connected  witli  the 
hopper.  They  would  have  a  great  deal  of  dead  weight  t<>  lift 
about  the  country  for  nothing,  and  the  dredging  work  would  be 
stopped  while  the  hopper  was  being  discharged. 

There  was  one  type  of  dredger  which  he  sliould  like  tn  men- 
tion as  it  was  not  mentioned  in  the  pai)er;  that  was  the  dredger 
on  the  **Eroder'*  principle,  which,  he  l)elieved,  had  n»)t  been 
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very  largely  used,  The  principle  of  it  was  to  utilise  tlie  power 
of  water  to  transport  the  material,  rather  than  to  lift  the  material 
actually  clear  of  the  water  and  pump  it  on  the  land.  This 
dredger  consisted  of  a  vessel  which  was  fitted  with  a  vertical 
shaft  carrying  on  its  lower  end  some  sort  of  tool  varying  in 
design  for  the  work  which  it  had  to  do.  This  was  revolved  near 
the  bottom,  not  actually  in  the  mud,  but  near  the  soft  mateiial. 
It  created  a  swirl  in  the  water,  the  material  was  churned  into 
suspension,  and  was  carried  away  by  the  current.  Mr.  Wheeler 
of  Boston,  who  was  a  well-known  authority  on  all  matters  con- 
nected with  rivers,  was  the  man  who  suggested  the  idea,  and  he 
possessed  a  machine  on  that  principle  which  was  working  in  the 
river  at  Boston,  and  very  successful  results  were  obtained  with 
it.  They  w^ere  able  to  shift  soft  ma'terial  in  the  river  at  very  low 
cost  indeed.  He  (Mr.  Silcock)  had  had  u.  machine  working  on 
the  same  principle,  but  he  must  say  that  it  had  not  been  quite 
so  successful.  There  must,  of  course,  be  the  proper  conditions ; 
that  is  to  say,  the  material  to  be  removed  must  be  soft,  and  there 
must  be  a  strong  current.  Without  those  two  conditions,  the 
machine  was  not  applicable. 

Mr.  E.  J.  Bevil  Sharpe  said  that  the  paper  had  been  most 
interesting  to  him,  as  he  was  engaged  in  the  kind  of  work  with 
which  it  dealt.  He  did  not  quite  agree  with  the  author's  recom- 
mendation, that,  in  sounding,  they  should  use  a  long  pole.  He 
had  always  found  the  use  of  a  pole  in  sovmding  in  very  deep 
water  very  slow  work  indeed.  He  had  found  a  very  light 
chain  to  be  the  best  thing  for  sounding  in  very  deep  water. 
In  shallow  water  a  pole  might  be  used.  Perhaps  he  might 
be  allowed  to  allude  to  the  rock-breaking  tools  which  were 
mentioned  by  the  gentleman  who  opened  the  discussion.  That 
speaker  alluded  to  a  machine  called  "  The  Lobnitz,"  which  was 
used  on  the  Tranmere  develo|)ment  works,  but  he  did  not  know 
if  it  was  successful  there.  Tlie  rock  was  sandy  or  something  of 
that  character. 

The  author  remarked  that  no  one  ever  used  explosives  for 
blasting  clay,  but  he  (the  speaker)  had  often  used  explosives  for 
blasting  hard  clay,  and  it  was  a  common  occurrence. 

The  author  mentioned  the  use  of  the  dipper  dredger  in 
America.  He  (Mr.  Sharpe)  had  seen  dredgers  of  that  kind  work- 
ing in  America.  They  were  sindlar  to  the  ordinary  steam  navvy, 
but  built  on  a  large  rait,  or  on  a  large  flat  barge-shaped  vessel. 
There  was  one  working  now  on  Lake  Superior.  ,  The  bucket 
capacity  was  84  cubic  yards,  and  it  would  dredge  to  a  depth  of 
23  feet,  and  lift  480  cubic  yards  of  sand  an  hour.  He  believed 
that  they  had  never  had  a  dredger  like  that  in  p:ngland.  There 
was  another  with  biickcits  of  2^  cubic  yards  capacity  working  in 
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stiff'  clay  on  the  ]\Iasseiin  canal.     In  a  day  of  ten  hours  it  would 
lift  720  cubic  yards  working  in  20  feet  of  water. 

As  to  the  grab  dredger,  he  thought,  as  an  engineer  for 
harbour  and  dock  works,  that  that  appliance  was  one  of  the  most 
useful  tools  they  had.  On  a  river  in  Lancashire,  he  liad  had 
four  working,  and  he  did  not  know  what  they  would  have  done 
witliout  them.  They  were  worked  in  a  place  where  a  suction 
dredger  could  not  be  used.  He  had  found  that  the  l*rice  and 
Manisty  grab  was  quite  as  good  as  the  single  chain  Hone  gral). 
In  fact,  in  his  opinion,  it  was  better.  He  had  worked  both  and 
had  had  seven  or  eight  working  at  a  time. 

A  previous  speaker  liad  mentioned  Dutch  dredgers.  He 
(Mr.  Sharpe)  had  had  two  working  for  eighteen  montlis,  but  he 
liad  found  them  a  great  deal  too  light  for  the  work  which  gener- 
ally liad  to  be  done  in  England.  They  were  built  in  Holland 
for  very  light  work,  and,  as  a  rule,  they  would  not  last  more 
than  half  the  time  (^f  those  dredgers  which  were  built  in  this 
country.  He  had  found  that  a  Dutchman  could  get  about  25 
])er  cent,  more  work  out  of  them  than  an  Englishman.  He  did 
not  know  why  this  was,  whether  it  was  that  the  Dutch  under- 
stood the  work  better,  or  that  they  were  steadier  men.  As  a  fact 
they  were  steadier. 

One  failing  in  English  dredgers  to-day  was,  he  thought,  that 
the  buckets  were  too  small.  Mr.  Newell  had  moved  in  the  right 
direction  at  Hartlepool,  and  had  made  an  enormous  dredger 
about  three  times  the  size  of  any  otlier  dredger  that  he  (Mr. 
Sharpe)  had  seen. 

He  thought  that  the  suction  dredgc^r  would  become  more 
general  in  England  every  day.  He  had  had  a  lot  of  experience 
with  suction  dredgers,  and  he  had  used  them  in  gravel  as  well  as 
in  sand,  but  he  did  not  find  that  the  output  was  reduced  nearly 
as  much  as  the  author  had  said,  namely,  50  per  cent.  He  (Mr. 
Sharpe)  had  found  that  in  ordimuy  loose  gravel,  it  was  not  more 
than  25  per  cent.  He  thought  that  suction  dredgers  weri.*  most 
useful  tools  for  reclamation.  There  were  now  several  working 
at  a  large  dock  which  had  been  built  on  the  H umber,  and  they 
])um]>ed  stiff'  chiy  from  lighters.  Bucket  dredgers  dredged  the 
clay  into  the  barges,  and  the  suction  dredgers  pumped  it  ashore 
from  the  barges.  He  hjrgot  the  exact  distance  that  it  I  ravelled, 
but  it  was  nearly  a  quarter  of  a  mile,  going  in  a  similar  way  to 
that  which  the  aulhor  mentioned.  He  had  himself  u.sed  a  j>uc- 
tion  dredger  for  pumping  silt  and  gravel  ashore  from  barges  over 
the  same  kind  of  ground  that  was  alluded  to  just  now.  on  th<; 
Medway.  In  fact,  he  thought  that  the  ground  mentioned 
was  the  same  he  had  reclaimed  near  Rochester.  It  was  a 
swamp,  and  could  not  be  walked  upon.     He  had  not  seen  it 
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for  some  years,  but  he  believed  that  it  was  now  good  sound 
ground. 

The  author  mentioned  that  he  had  reclaimed  land  from  sea 
by  pumping  ashore  direct  from  the  dredger.  That  plan  was 
adopted  at  Preston  on  the  Eibble  some  eight  years  ago,  but  it 
was  abandoned  for  a  reason  which  he  had  forgotten.  He  believed, 
however,  that  it  was  in  use  at  the  present  time.  They  were 
doing  exactly  similarly  to  what  the  author  mentioned.  There 
was  a  suction  dredger,  and  it  was  delivering  ashore  through  a 
long  system  of  pipes  filling  up  the  old  Ribble  behind  the  floating 
dock. 

He  (Mr.  Sharpe)  had  heard  on  good  authority  that  this  work 
done  by  the  Lobnitz  at  Tranmere  was  quite  successful. 

Mr.  Maurice  Wilson  wishjed  to  add  his  word  of  thanks  to 
the  author.  He  always  liked  a  paper  which  was  a  little  bit  out 
of  the  common  way.  He  agreed  with  what  had  been  said  as  to 
the  importance  of  an  engineer  being  able  to  go  down  under 
water  to  inspect  work.  He  presumed  that  the  author  was  in 
the  habit  of  so  doing,  and  it  would  be  interesting  to  have  a  few 
details  as  to  how  he  ascertained  whether  the  men  in  the  diving 
bells  were  doing  their  duty.  He  (Mr.  Wilson)  remembered  his 
father  stating  years  ago  that  when  he  had  pier  work  to  do  with 
the  diving  bells,  he  used  to  go  down,  if  he  suspected  the  men 
were  not  doing  their  duty.  On  one  occasion,  there  being  only 
one  bell  available,  he  inspected  it  during  the  dinner  hour, 
and  found  a  large  crab  in  the  bell  with  the  name  of  a  horse  that 
was  to  run  for  the  Derby,  chalked  on  its  back.  This  accounted 
for  the  rapidity  with  which  the  men  had  got  through  their 
work ! 

In  connection  with  the  rock  blasting,  it  would  be  interesting 
if  the  author  would  mention  the  explosives  that  he  usually 
employed.  Dynamite  was  mentioned  in  one  case,  but  he  (Mr. 
Wilson)  did  not  gather  that  it  was  the  one  the  author  mostly 
used.  About  twenty  years  ago  he  had  to  do  with  an  excavator 
which  was  being  used  in  the  construction  of  the  Manchester 
Ship  Canal.  The  engineers  got  into  great  difficulties  on  one  of 
their  cuttings  about  twenty  miles  away  from  the  sea.  When 
they  had  removed  some  fifteen  or  twenty  feet  of  material  with 
the  steam  navvies,  they  found  ({uicksand,  and  this  bothered 
them  exceedingly.  He  was  not  sure  whether  they  did  not  lose 
two  or  three  of  the  steam  navvies  in  the  sands.  In  the  end 
they  let  the  water  into  the  cutting,  and  then  partly  dredged  out 
the  sand  from  the  bottom  of  the  canal,  and  from  the  sides,  they 
used  a  machine  which  came  from  Germany.  He  did  not  know 
the  proper  name  of  tliis  machine,  but  they  called  it  the 
^'Lubecker"  because  it  came  from  Lubeck  in  Germany.     This 
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was  a  rather  ingenious  machine.  It  ran  on  three  rails,  and,  of 
course,  it  could  be  used  only  where  there  was  a  pretty  solid 
foundation.  It  was  covered  with  corrugated  iron  and  looked 
ratlier  like  a  house.  It  had  a  window  and  a  chimney,  there  was 
a  chain  of  dredgnig  buckets  at  the  side,  and  a  gap  in  the  middle 
of  it,  so  that  when  the  tip  wagons  were  filled  they  were  brought 
up  underneath  the  "  Lubecker,"  and,  when  the  machine  started 
and  the  buckets  worked,  the  whole  "  Lubecker  "  worked  itself 
very  slowly  along  the  three  lines,  and  all  the  sand  was  scooped 
up  and  dropped  into  a  sort  of  hopper  with  a  double  bottom. 
The  bottom  could  be  turned  one  way  or  the  other,  so  that 
when  the  machine  had  worked  itself  along  to  the  end  of  a 
tip  waggon  to  avoid  the  sand  being  dropped  on  the  giound,  a 
handle  was  turned,  and  the  bottom  moved,  and  the  sand  dropped 
down  the  other  way.  They  tried  two  or  three  other  machines, 
but  it  was  the  German  machine  that  was  considered  most  satis- 
factory and  did  most  work.  He  did  not  know  whether  the 
author  had  come  across  such  a  machine  in  whicli  they  could 
work  from  above  the  ground  in  that  way. 

Mr.  R.  J.  Bevil  Sharpe  said  that  the  machine  which  had 
been  alluded  to  by  Mr.  Wilson  did  a  considerable  part  of  the 
excavation  in  one  of  the  docks  in  Liverpool.  He  saw  the 
machine  working  there,  and  he  might  say  that  it  was  still  called 
the  '"  Lubecker." 

Mr.  T.  L.  Matthews  said*  that  there  were  one  or  two  points 
in  the  paper  which  were  rather  interesting  from  a  practical  point 
of  view,  and  on  which  he  would  like  to  pass  a  few  remarks. 

To  begin  with,  the  author,  speaking  of  under-water  surveying, 
said  that  zero  for  soundings  should  be  fixed  well  below  the 
lowest  point  that  could  possibly  enter  one's  calculations,  as 
otherwise  minus  levels  would  occur  which  would  lead  to  con- 
fusion, but  it  was  difficult  to  understand  what  value  could  be 
attached  to  such  an  artificial  datum. 

The  ultimate  reason  for  which  soundings  were  taken  was  to 
enable  plans  or  charts  to  be  prepared  for  use  l)y  those  in  charge 
of  ships,  so  that  they  might  know  the  depth  of  water  available, 
and  obviously  the  only  useful  datum  to  which  such  soundings 
could  be  referred  was  that  of  tiie  lowest  ordinary  condition  of 
the  tide,  or  low  water  (n-dinary  spring  tides. 

If  any  other  datum,  such  as  that  suggested  by  the  author, 
were  used  for  the  taking  of  soundings,  it  followed  that,  to  be 
useful,  they  must  afterwards  be  converted  to  the  L.W.O.S.T. 
datum,  the  additional  work  involved,  if  the  soundings  covered 
a  large  area,  being  corrcsjjoiidingly  heavy. 

As  to  "doing  the  whole  thing  ynurscHV'  even  to  the  n^ading 
of  the  tide-gauge,  as  advocated  by  the  author,  tJiis  was  of  course 
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quite  impossible  when  the  lines  to  be  taken  were  of  any  con- 
siderable length.  With  regard  to  the  tide-gauge,  it  was  very 
important,  particularly  in  places  where  the  rise  of  tide  is  very 
quick,  to  plot  the  readings  on  "  squared  paper,"  and,  by  taking 
the  heights  from  the  resulting  curve,  to  eliminate  small  errors 
in  reading. 

The  author  referred  to  diving  bells  as  being  much  more 
satisfactory  since  the  introduction  of  the  electric  light  and 
telephone.  That  was  certainly  the  case  as  far  as  electric  light 
was  concerned,  but  with  the  telephone  much  more  trouble  was 
experienced,  the  dampness  associated  with  the  bells  being  very 
bad  for  insulation. 

Telephones  had  been  tried  with  poor  success  on  the  harbour 
works  at  Folkestone  and  Dover,  and  he  (Mr.  Matthews)  thought 
it  would  be  interesting  if  the  author  could  give  the  name  of  tlie 
maker  of  the  instrument  which  he  had  found  satisfactory. 

The  Chairman  asked  the  speaker  whether  he  had  tried 
speaking  tubes. 

Mr.  Matthews,  continuing,  said  that  he  did  not  think  these 
were  satisfactory,  as  the  sound  of  the  air  entering  the  bell  from 
the  compressors  overcame  the  small  sound  of  the  voice,  especi- 
ally in  a  depth  of  60  or  70  feet,  where  the  length  of  the  voice 
pipe  would  be  necessarily  great. 

With  reference  to  the  author's  objection  to  slinging  bells 
from  the  jib  of  a  crane  owing  to  th^  possibility  of  the  bell  being 
capsized  by  a  rapid  slewing  of  the  machine,  it  might  be  of 
interest  to  mention  that  there  liad  been  several  20-ton  bells, 
so  hung,  in  use  on  the  works  at  Dover  for  some  years  without 
accident,  and  provided  that  the  bell  was  properly  hung  and 
weighted,  there  did  not  appear  to  be  any  great  risk  of  such 
accidents. 

The  author  mentioned  that  some  divers  described  the  diving 
bell  as  a  "death-trap,"  but  he  (Mr.  Matthews)  had  never  heard 
it  so  called,  and  quite  agreed  with  the  author  that  the  descrip- 
tion was  not  warranted. 

Diving  out  of  a  bell,  however,  in  case  of  accident  was  not 
quite  so  harmless  as  would  appear  from  the  papei*.  Although 
it  might  have  been  done  in  a  few  cases  in  shallow  water,  it 
could  not  be  recommended  for  deep  work,  wheie  the  sudden 
change  from  a  gross  pressure  of  say  40  or  50  lb.  per  square  inch 
to  the  atmospheric  would  certainly  knock  a  man  all  to  pieces 
internally. 

Speaking  of  diving  generally,  he  quite  agreed  with  the 
author  that  it  was  most  important  that  engineers  should  dive 
themselves,  and  those  who  did  not  do  so,  certainly  did  not 
deserve  to  have  important  works  entrusted  to  them. 
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With  reference  to  the  submarine  telescope  spoken  of  by  the 
autlior,  he  (Mr.  Matthews)  knew  of  a  case  wliere  it  liad  l)een 
successfully  used  in  a  depth  of  25  feet  of  water. 

Mr.  A.  S.  E.  ACKERMAXN  said  that  Mr.  Silcock  had  mentioned 
that  he  found  tlie  suction  dredger  worked  very  much  blotter 
when  the  area  of  the  nozzle  was  reduced  to  about  one  quarter 
the  area  of  the  suction  pipe.  He  (Mr.  Ackermann)  thought  the 
explanation  (jf  the  fact  was  that  the  velocity  of  the  water  was 
thereby  multiplied  by  four.  The  amount  of  matter  which  a 
current  of  water  would  keep  in  suspension  depended  upon  the 
velocity  of  tlie  current,  and  in  this  case  the  velocity  wouhl  be 
four  times.  It  was  very  much  for  the  same  reason  tliat  the 
exhaust-pipe  in  a  locomotive  was  throttled. 

Mr.  H.  Blake  Thomas,  in  reply,  said  that  he  was  glad  to 
note  that  several  speakers,  includiufj  the  Presithmt,  had  con- 
firmed his  idea  that  engineers  sliouhl,  if  p()ssil)le,  (hve  themselves 
and  take  all  precautions  that  the  divers  were  going  on  as  repre- 
sented. Mention  had  ])een  made  of  tlie  wages  paid  to  the  men 
w(»rking  in  a  diving-bell.  He  might  mention  that  in  a  town 
where  the  price  of  labour  was  5(1.  an  hour,  he,  on  his  own 
initiative,  introduced  the  rate  of  M.  an  hour  for  men  working  in 
a  box-bell,  and  he  found  that  it  answered  very  well,  lie 
admitted  that  he  had  very  great  difficulty  in  getting  nien  to  go 
into  the  bell  for  the  first  time,  but  when  once  they  had  begun 
upon  it  they  stuck  regularly  to  the  work  and  were  very  much 
afraid  lest  they  should  lose  it.  Plymouth  was  the  place  to 
which  he  referred. 

When  he  made  the  statement  in  his  pa])er  that  bells  were 
coming  into  fashi(jn  auain,  lie  meant  to  include  the  last  lew  years. 
He  was  aware  that  they  had  been  used  in  Dover.  He  might  be 
wrong,  but  he  believed  tliat  when  he  started  work  of  this  kind 
u])on  leaving  school  fifteen  years  ago,  there  were  very  few 
diving-bells  in  use  in  England.  He  believed  they  came  in 
again  aliout  eight  years  ago,  and  from  that  time  they  had 
gradually  come  more  into  favour.  Dover  had,  perha])s  taken 
the  lead,  and  he  felt  sure  when  he  put  down  a  box-bell  in 
Plymouth  about  four  years  ago  that  it  was  the  first  time  a 
beil  of  that  kind  had  been  under  water  in  that  large  naval  port 
for  ten  years,  with  the  exception  of  the  large  eaisson-bell  which 
he  had  shown  on  the  screen. 

Heference  had  been  made  by  Mr.  liloyd  to  the  "  Loi)nitz" 
machine  on  the  Suez  Canal.  Of  course  Mi*.  P>loy(l  was  awar(» 
that  the  "  Lobnitz  "  breaker  referred  simply  to  the  breaking  u]» 
of  rock,  and  not  to  the  ])icking  u])  ol'  it.  He  was  looking  out  for 
the  o])portuiiity  of  using  one  himself,  and  he  was  very  anxious 
to  get  the  experience.     No  doubt  it  had  been  very  successful  iu 
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certain  cases.  These  machines  were  successful  on  the  Suez  and 
the  Manchester  Ship  Canals,  and  they  had  been  recommended 
for  use  on  the  Panama  Canal.  His  idea  was  that  the  Lobnitz 
machine  was  of  no  use  for  anything  harder  than  brittle  sand- 
stone. He  would  be  very  sorry  to  think  that  rocks  could  not 
be  levelled  as  well  by  blasting  as  by  the  Lobnitz  machine. 

It  was  true  as  Mr.  Bloyd  had  said,  that  the  portholes  of  a 
diving  bell  were  protected  by  a  grid,  but  still  he  preferred  that 
they  should  be  kept  as  low  down  in  the  bell  as  practicable. 

Mr.  Bloyd  had  mentioned  the  use  of  concrete  bags  for 
levelling  hard  rock  surfaces  in  Aberdeen,  but  he  took  it  that 
Mr.  Bloyd  was  not  referring  to  ordinary  small  bags  of  concrete 
but  to  a  system  of  concrete  bag-work  carried  out  in  an  elaborate 
way.  He  (Mr.  Thomas)  had  seen  heavy  bag-work  performed, 
each  bag  containing  a  yard  and  a  half  of  concrete.  The  bags 
were  rectangular  in  shape  and  were  placed  in  a  large  iron  skip. 
The  bag  exactly  fitted  the  skip,  and  when  filled  with  concrete 
the  top  of  the  bag  was  quickly  switched  on,  the  skip  lowered  to 
the  bottom,  and  the  catch  being  released  the  bag  took  its  own 
seating  on  the  inequalities  of  the  rock.  Still  there  was  a 
difficulty.  The  question  was  how  to  screw  off  the  top  of  the 
bags,  and,  therefore,  he  still  suggested  the  diving-bell  was 
necessary  to  form  a  good  in  situ  bed  for  receiving  the  bottom 
course  of  blocks. 

Mr.  Silcock  referred  to  reducing  the  size  of  the  suction  pipe, 
and  Mr.  Ackermann  had  dealt  with  the  same  point.  He  (Mr. 
Thomas)  quite  agreed  with  what  Mr.  Ackermann  had  said. 
Mr.  Silcock  probably  referred  to  a  pump  which  would  have  a 
suction  pipe  about  8  or  10  inches  diameter  or  less.  A  pump  of 
that  size  for  sand  was,  of  course,  very  inefficient,  and  was 
probably  an  ordinary  salvage  pump.  One  must  know  that  sand 
could  be  removed  in  small  quantities  with  a  4-inch  pump  or 
even  smaller.  It  would  be  unnecessary  to  reduce  the  size  of  the 
suction  pipe  when  dealing  with  large  suction  dredgers. 

Mr.  Silcock  had  referred  to  hopper  dredgers.  He  (Mr. 
Thomas)  might  be  very  bold  about  this  subject,  because  he  had 
had  a  lot  of  experience  with  hopper  dredgers.  The  hopper 
bucket  dredger  was  a  very  extravagant  thing  to  use  on  large 
mud  dredging  works,  but  it  was  used  to  very  great  advantage 
where  the  cargo  took  a  long  time  to  get.  Sometimes  a  water- 
way was  narrow  where  there  was  a  lot  of  traffic,  or  in  a  dock 
basin  it  very  often  became  necessary  to  use  a  hopper  dredger. 
There  were  cases  where  the  hopper  bucket  dredger  was  miles 
ahead  of  anything  else. 

As  to  the  river  at  Boston,  he  should  call  the  thing  that  had 
been  described,  an  agitator,  not  a  dredger.     It  seemed  to  him  a 
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very  lazy  kind  of  machine,  wliich  only  half  did  its  work.  He 
should  like  to  get  some  work  where  tlie  tide  would  cany  tlie 
spoil  away.  It  seemed  to  liim  like  a  man  sweeping  up  a  street 
and  leaving  the  sweepings  on  the  side  of  the  street.  He  sliuuld 
prefer  to  take  the  sand  away.  He  could  imngine  that  the 
agitator  would  clear  the  place,  but  tlie  sand  must  go  somewhere. 
It  probably  did  go  away  with  the  current,  but  he  should  be 
inclined  to  think  that  it  would  come  back  again  at  some  time. 
There  might  be  cases  where  it  would  pay  to  adopt  that  ])lau, 
and  it  appeared  to  him  that  it  was  simply  a  matter  of  /.  s.  d. 

He  quite  agreed  with  Mr.  Sharpc  that  a  light  chain  was  very 
handy  in  smooth  or  still  water  where  there  was  no  current,  Ijut 
he  should  be  very  loath  to  use  a  chain  or  a  lead  where  there 
was  a  strong  current.  He  had  used  a  pole  in  a  .S^-knot  current. 
A  pole  was  the  most  simple  method  of  getting  a  vertical  sound- 
ing, and,  of  course,  a  sounding  was  of  no  use  unless  it  was 
vertical.  In  a  swift  current  it  was  impossible  to  get  a  chain  or 
lead  to  reach  the  bottom. 

He  certainly  had  not  come  across  any  case  of  blasting  clay 
on  land.  If  clay  on  land  had  been  blasted,  he  must  admit  that 
his  statement  was  too  bold,  but  the  fact  had  not  come  within 
his  range. 

He  believed  that  the  makers  of  hopper  dredgers  nowadays 
laid  down  the  rule  that  every  hopper  dredger  should  load  itself 
in  one  hour.  Most  of  the  hopper  dredgers  that  he  had  been 
connected  with  loaded  themselves  in  an  hour.  The  Brancker 
at  Liverpool  loaded  3000  tons  of  sond  an  hour. 

He  should  put  Price  and  Manisty's  grab  next  to  Hone's, 
but  his  objection  to  Price  and  Manisty's  grab  was  that  when  it 
landed  on  very  unequal  rock  and  fell  over,  it  failed  to  dig  any- 
thing without  being  picked  up  again.  The  Hone  grab  was  tlie 
only  single  chain  grab  which  he  had  found  which  would  auto- 
matically catch  itself  when  it  was  lying  over  at  a  certain  angle. 

His  experience  of  Dutch  crews  was  that  they  were  very 
much  better  than  English,  and  without  disrespect  to  the  Dutch 
he  would  say  that  he  thought  that  it  was  because  the  men  were 
more  easily  satisfied,  and  did  not  object  to  work  a  long  day.  It 
was  not  that  they  were  more  intelligent,  but  that  they  were 
more  content,  working  morning,  noon  and  night,  and  in  that 
way  they  gave  much  better  results. 

Mr.  Sharpe  had  said,  let  them  enlarge  the  bucket  of  the 
bucket  dredger.  That  was  all  right  in  soft  material,  but  in 
rock  work  they  had  to  be  very  careful  not  to  enlarge  the  luicket. 
Mr.  Sharpe  had  also  said  that  his  experience  was  that  the  output 
of  suction  dredgers  was  not  reduced  as  much  as  50  per  cent, 
when  working  in  gravel.     It  was  very  ditlicult   to   arrive  at 
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what  the  reduction  was  in  dredging  below  the  water  surface, 
for  the  reason  that  the  output  of  material  might  be  25  per  cent, 
less,  but  the  other  25  per  cent,  of  stones  was  left  in  the  bottom. 
When  one  came  to  unload  a  barge  which  had  gravel  and  sand 
in  it,  there  was  a  fair  means  of  testing,  and  invariably  it  was 
found  that  the  output  was  reduced  50  per  cent.  At  Eosslare 
he  believed  the  contractors  found  that  their  output  was  greatly 
reduced  when  they  got  into  anything  like  gravel.  He  knew 
the  Preston  river  fairly  well,  and  he  was  not  surprised  to  hear 
that  something  similar  in  the  way  of  land  reclamation  had  been 
done.  It  could  not  be  put  quite  in  the  same  class  as  the  work 
that  he  had  been  engaged  upon,  because  the  length  would  be  so 
much  shorter,  and  probably  the  dredger  did  not  cut  its  own 
flotation  or  reclaim  land  to  a  given  level.  He  had  known  other 
places  in  which  contractors  had  experimented  on  similar  lines, 
but  cu'cumstances  had  proved  entirely  unfavourable.  He  could 
think  of  a  place  in  Scotland  where  it  was  tried,  and  had  to  be 
abandoned  througli  circumstances  beyond  control. 

Mr.  Maurice  Wilson  had  asked  whether  he  (the  author) 
went  under  water  to  inspect  the  men.  His  reply  was  that,  of 
course,  he  went  under  water  sometimes,  and  he  should  be  sorry 
to  be  left  in  charge  of  men  whom  he  could  not  see.  He  was 
against  the  use  of  the  diver,  because  he  had  to  work  under  so 
many  disadvantages,  cumbered  witli  a  bulky  dress,  ofttimes  in 
a  strong  current,  and  at  this  time  of  year  with  cold  hands  whilst 
his  body  would  be  perhaps  in  a  bath  of  perspiration.  There 
were  many  other  points,  and  the  more  the  engineer  went  down 
the  more  he  would  see.  With  regard  to  explosives,  he  might 
say  that  lie  did  not  often  use  dynamite.  He  was  using  gelignite 
at  the  present  time,  because  there  was  far  less  risk  in  handling 
it,  and  it  was  far  less  likely  to  run  or  become  scattered  about 
the  floor.  The  advantage  of  dynamite  was  that  it  would  lose 
its  power  after  about  twenty-four  hours'  immersion,  at  all 
events,  it  went  off  more  quickly  than  gelignite.  That  was  a 
point  in  favour  of  dynamite  in  the  event  of  a  miss-fire,  but  still 
he  did  not  use  it.  The  Lubecker  machine  was  made  by  a  firm 
in  Lubeck  in  North  Germany.  He  was  there  about  three  years 
ago,  and  the  speciality  of  the  firm  was  to  make  that  machine. 
It  was  the  German  form  of  th(i  steam-navvy.  The  same 
machine,  or  one  very  similar  to  it,  liad  been  used  at  Heysham. 
It  was  nothing  more  than  a  dry-land  dredger,  and  it  could  not 
be  very  well  applied  on  ordinary  works.  They  were  very  suit- 
able for  cutting  a  canal,  one  going  down  one  side  and  one  on 
the  other,  and  the  longer  the  canal  the  more  economically  they 
would  work. 

Mr.  Matthews  referred  to  the  zero  of  the  gauge.     He  did 
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not  knovr  whether  Mr.  Matthews  meant  that  zero  should  be  at 
low  water  of  ordinary  spring  tides.  (Mr.  Matthews  assented.) 
He  (Mr.  Blake  Thomas)  knew  of  one  or  two  gauges  that  were 
fixed  like  that,  and  they  were  of  no  use  to  a  man  navigating  a 
ship,  because  they  did  not  indicate  the  draught.  Again,  he 
objected  to  it  in  making  a  survey,  because,  assuming  that  they 
had  a  bank  of  ground  which  came  into  the  survey  and  that  the 
level  of  it  was  above  zero,  they  would  then  have  to  record  it  by 
means  of  a  "  plus  "  sign,  and  all  levels  which  fell  below  zero 
would  have  to  be  recorded  by  a  "  minus  "  sign.  He  found  that  it 
was  very  much  more  convenient  to  put  zero  anywhere  as  long 
as  it  came  below  any  point  to  be  recorded,  so  that  the  readings 
miglit  all  be  ''  plus  "  and  not  "  minus."  The  adoption  of  this  plan 
would  avoid  much  confusion.  As  to  the  use  of  a  telephone  in 
a  diving  bell,  he  had  found  it  quite  successful,  and  he  should 
be  sorry  to  have  to  do  without  one. 

Perhaps,  in  stating  that  the  rapid  slew^ing  of  a  crane  would 
cause  a  diving  bell  to  capsize,  he  was  going  beyond  the  mark. 
He  meant  to  infer  that  if  the  bell  swayed  and  lost  its  stability 
it  would  make  matters  unpleasant  for  the  men  in  the  bell,  and 
they  would  get  somew^hat  uneasy. 

He  did  not  think  that  he  would  dive  out  of  a  bell  if  it  were 
down  in  water  100  feet  deep,  but  a  diving  bell  did  not  often  go 
so  deep  as  that.  He  should  not  liesitate  to  dive  out  of  a  bell  if 
it  was  in  a  depth  of  40  feet,  if  he  thought  the  occasion  called  for 
it,  but  not  as  a  regular  thing. 

He  had  never  tried  to  plot  a  contour  of  dredging  areas.  It 
gave  an  unsatisfactory  chart.  He  found  it  l)etter  to  divide  the 
area  into  squares  and  take  an  average  of  the  s([uares. 
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James  Chambers,  whose  death  occurred  on  May  25,  1906, 
but  was  not  reported  until  January  30,  1907,  was  born  on  June 
23,  1835.  He  was  for  some  years  engaged  as  an  engineering 
contractor,  after  which  he  was  for  thirteen  years  assistant  foundry 
manager  at  the  Staveley  Iron  Works,  subsequently  being 
appointed  manager  of  the  Stanton  Iron  Foundry,  Stanton -by- 
Dale.  Mr.  Chambers  was  elected  a  member  of  the  Society  in 
1886. 

William  Thomas  Sugg,  whose  death  took  place  on  February 
28,  1907,  was  born  in  Westminster  in  1833.  He  served  his 
apprenticeship  with  his  father,  who  in  1838,  established  a  gas 
meter  and  fittings  works  in  jMarsham  Street.  Under  the  late 
Mr.  Thomas  Livesey,  he  acquired  a  knowledge  of  the  manufac- 
ture of  gas.  In  1858,  Mr.  Sugg  joined  his  father  in  his  business, 
wliicli  he  acquired  on  the  death  of  the  latter  in  1862.  In  course 
of  time  the  expansion  of  the  business  led  to  the  vacation  of  the 
Marsham  Street  premises  and  to  the  establishment  of  the  Yin- 
cent  Works,  in  Regency  Street,  Westminster.  The  deceased 
gentleman's  life  was  spent  in  the  development  of  the  science  and 
practice  of  gas  engineering.  His  great  aim  was  to  improve  the 
illuminating  qualities  of  coal  gas,  and  the  methods  of  its  use,  as 
well  as  to  devise  means  for  its  employment  for  purposes  other 
than  illuminating,  in  ])oth  of  wliich  directions  he  was  eminently 
successful.  Mr.  Sugg  was  a  prolific  contributor  to  the  literature 
of  that  branch  of  engineering,  of  which  he  was  so  eminent  and 
so  practical  an  exponent.  He  read  two  papers  before  the  Society 
of  which  he  was  one  of  the  oldest  members,  having  been  elected 
in  1861. 

Patkick  Doyle,  whose  death  occurred  on  March  27,  1907, 
at  Bombay,  was  born  in  1849,  and  entered  the  Civil  Engineering 
College,  Madras,  in  1864  at  the  early  age  of  15,  passing  out 
about  two  and  a  half  years  later,  after  graduating  with  honours. 
Heat  once  obtained  admission  into  the  Madras  P.W.D.,and  was 
soon  placed  in  charge  of  two  of  the  most  important  sub-divisions 
in  the  Madras  Presidency.     He  subsequently  held  the  appoint- 
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ment  of  Chief  Superintendent  of  Public  Works  of  Perak.  Fol- 
lowing this  he  went  to  Australia,  and  held  several  appointments 
in  Queensland.  He  went  thence  to  China,  and  returning  to 
India  in  1883,  was  appointed  District  Board  Engineer  in  the 
Bellari  and  Godavari  Districts  of  the  Madras  Presidency,  subse- 
quently practising  as  a  consulting  engineer  in  Oudh.  It  is, 
perhaps,  in  connection  with  the  literature  of  the  profession  that 
Mr.  Doyle  will  be  most  widely  remembered,  for  he  was  a  prolific 
and  at  the  same  time  an  authoritative  writer  on  engineering 
subjects,  as  many  technical  and  scientific  journals  bear  witness. 
He  was  the  founder  and  editor  of"  Indian  Engineering,"  of  which 
journal  he  was  also  the  proprietor.  Mr.  Doyle  was  a  member  of 
several  technical  institutions,  and  was  elected  a  member  of  the 
Society  in  1878. 

Henry  Harris  Lake,  who  died  on  April  22,  1907,  had  been 
a  member  of  the  Society  of  Engineers  for  twenty  years.  He  was 
a  member  of  the  firm  of  Haseltine  Lake  and  Co.,  of  Southampton 
Buildings,  Chancery  Lane,  consulting  engineers  and  patent 
agents. 

Sir  Benjamin  Baker,  K.C.M.G.,  LL.D.  Edinburgh  Uni- 
versity, r.E.S.,  whose  death  took  place  at  his  Pangbourne  resi- 
dence, on  May  19,  1907,  was  one  of  the  most  able  leaders  of  the 
engineering  profession,  and  received  tlie  K.C.M.G.  on  the  open- 
ing of  the  Forth  Bridge,  of  which  he  was,  with  the  late  Sir 
John  Fowler,  joint  engineer.  The  principal  features  of  the 
structure  are  the  cantilevers  about  one-third  of  a  mile  in  length 
united  by  a  central  girder  350  feet  long,  the  bridge  carrying 
the  railway  high  above  the  sides  of  the  valley  of  the  Forth, 
and  the  piers  being  nearly  the  height  of  St.  Paul's  Cathedral, 
London.  When  tested  on  January  21,  1890,  two  trains  weighing 
1800  tons  and  each  1000  feet  in  leugtli,  were  driven  to  the  middle 
of  the  north  cantilever  and  back,  and  the  deflections  were  in  exact 
accordance  with  the  calculations  of  the  engineers.  The  bridge 
took  seven  years  to  construct,  and  is  one  of  the  largest  railway 
Ijridges  yet  built.  Sir  Benjamin  also  designed  and  constructed 
many  other  important  works  both  in  tliis  country,  Egypt,  Canada 
and  the  Cjipe.  He  was  a  member  of  the  lntei'iiati(mal  Com- 
mission of  Experts,  appointed  to  report  on  the  original  plans  for 
the  Assouan  dam,  and  having  been  consulting  engineer  when 
the  work  was  put  in  hand,  was  recently  referred  to  as  to  the 
possil)ility  of  raising  the  height  of  the  dam.  Lord  Cromer  exr 
pressed  his  appreciation  of  the  great  services  rendered  by  Sir 
Benjamin  in  the  solution  of  the  problem  of  the  reinforcement  of 
and  addition  to  the  structure.     At  the  conclusion  of  the  work  at 
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Assouan  lie  received  a  K.C.B.,  and  first  class  Order  of  the 
Medjidieh  from  the  Khedive.  Sir  Benjamin  Baker  was  a  Past 
President  of  the  Institution  of  Civil  En^dneers,  and  was  Civil 
Member  of  the  Ordnance  Committee,  and  on  the  death  of  the  late 
Sir  Frederick  Bramwell,  became  Senior  Civil  Member,  taking  a 
prominent  part  in  all  branches  of  its  work.  He  served  on  the 
Special  Committee  as  to  the  possible  interference  with  the  ob- 
servatory work  at  Greenwich  by  the  construction  of  the  Green- 
wich Electric  Generating  Station  of  the  London  County  Council. 
He  was  also  a  member  of  the  Engineering  Standards  Committee, 
was  elected  an  Hon.  Member  of  the  Society  of  Engineers  in  1889, 
and  was  also  one  of  its  trustees. 


James  Favre,  died  in  Japan  on  June  13,  at  the  age  of  08. 
He  received  his  early  engineering  training  at  Zurich,  and  sul)- 
se(iuently  was  in  charge  of  the  testing  departments  at  Creusot 
works  for  the  verification  of  the  manufacture  of  steel.  In  18'Jo 
he  was  engaged  at  the  Oerlikon  Electric  Works  of  Zurich  in 
designing  and  estimating  for  electric  lighting  and  power  trans- 
mission. The  following  year  he  joined  the  firm  of  Favre  lirandt, 
in  Osaka,  with  whom  he  remained  until  liis  death,  liiswork  con- 
sisting of  preparing  engineering  contracts,  and  the  arranging 
of  plants  for  the  Japanese  Naval  and  Military  Departments.  He 
became  a  member  of  the  Society  of  Engineers  in  189G. 

Perry  Fairfax  Nursey  was  born  in  London  on  October  5, 
1830,  and  died  there  on  June  20,  1907,  after  a  brief  illness. 
After  a  general  education  at  private  schools,  he  entered  in  1845 
the  ofiice  of  the  late  Mr.  John  Addison,  civil  engineer,  of  West- 
minster, with  whom  he  was  engaged,  during  what  was  known  as 
the ''  Ilailway  Mania,"  until  the  early  part  of  1851.  During  that 
year  he  superintended  some  works  of  building  construction,  and 
from  1852  to  1857  was  engaged  as  secretary  and  assistant 
engineer  to  several  mining  companies  in  Devon  and  Cornwall, 
notably  the  Ihitannia  Gold  Mines  in  North  Devon,  which  yieUled 
gold,  ])ut  not  in  paying  (quantities,  owing  to  the  defective  system 
of  mercurial  amalgamation  being  employed.  It  was,  however, 
at  that  time  the  only  known  method  of  obtaining  gold  from  the 
crushed  ore. 

From  1858  to  1861  Mr.  Nursey  was  engaged  with  the  late 
Mr.  C.  W.  Uamie  of  Westminster,  in  working  that  gentleman's 
system  of  permanent  way  for  railways,  and  was  in  practice  on 
his  own  account  during  the  latter  part  of  the  time.  From  1862 
to  1864  he  was  engaged  with  the  late  Messrs.  Ordish  and  Le 
Feuvre,  bridge  and  roof  engineers  of  Westminster,  nuinaging  one 
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department  of  their  business.  During  that  time  Mr.  Nursey 
occasionally  contributed  articles  to  "The  Engineer,"  and  on 
January  1,  1865,  he  accepted  the  appointment  of  editor  of  the 
"Mechanics'  Magazine,"  which  was  the  oldest  engineering  journal, 
having  been  established  in  the  year  1823.  He  vacated  the 
editorial  chair  at  the  end  of  1869  when  the  paper  changed  hands, 
but  he  continued  to  write  for  it.  During  the  period  of  his  editor- 
ship, he  practised  as  a  consulting  engineer,  and  in  1870  he  re- 
turned to  Westminster  and  continued  his  practice.  In  1871,  he 
accepted  the  appointment  of  secretary  of  the  Society  of  Engi- 
neers, of  which  he  was  elected  a  member  in  1858.  In  conjunc- 
tion with  the  secretarial  work  he  continued  to  practise  as  a 
consulting  engineer,  and  from  1870  to  1879  he  was  on  the  staff 
of  "  Engineering." 

In  July  of  1879,  he  resigned  the  secretaryship  of  the  Society, 
having  accepted  the  appointment  of  editor  of  the  metallurgical 
journal  "  Iron,"  which  position  he  held  until  June  1893,  when 
the  paper  changed  hands.  He  carried  on  his  practice  as  a  con- 
sulting engineer  and  technical  expert  concurrently  with  his 
editorial  work  on  "  Iron,"  and  when  the  paper  changed  pro- 
prietors, he  continued  his  private  practice,  occasionally  contri- 
buting to  the  paper. 

Upon  resigning  the  secretaryship  of  the  Society  of  Engineers, 
in  1879,  Mr.  Nursey  was  presented  by  the  members  with  a 
testimonial  and  illuminated  address,  a  silver  salver  with  an 
inscription,  and  a  purse  of  £150.  He  was  elected  President  of  the 
Society  in  1886.  Upon  the  death  of  the  Honorary  Secretary 
and  Treasurer  in  1894,  Mr.  Nursey  was  unanimously  appointed 
to  that  office,  which  office,  however,  he  vacated  at  the  commence- 
ment of  the  year  1898,  when  he  again  accepted  the  secretaryship 
which  became  vacant  by  the  resignation  of  the  secretary 
Mr  G.  A.  Pryce-Cuxson.  Mr.  Nursey  carried  on  his  private 
practice  concurrently  with  his  secretarial  work. 

He  was  a  liberal  contributor  to  the  "  Transactions  "  of  the 
Society,  having  read  no  fewer  than  twenty-four  papers  on 
various  professional  subjects,  including  his  inaugural  address  as 
President.  For  five  of  these  communications  read  before  he 
became  officially  connected  with  the  Society,  he  was  awarded 
premiums  of  books. 

Mr.  Nursey  was  engaged  in  a  number  of  patent  cases  as 
technical  expert,  and  had  considerable  experience  of  explosives, 
liaving  been  at  one  time  engineer  in  England  to  a  German  firm 
of  dynamite  manufacturers.  He  gave  evidence  before  the 
Parliamentary  Committee  on  explosives  in  1874,  appointed  in 
connection  with  the  Explosives  Act,  which  was  passed  in  1875. 
He  caiTied  out  several  important  blasting  operations,  including 
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the  removal  of  rocks  in  connection  with  the  Jersey  Harbour 
Works  and  the  Douglas  (Isle  of  Man)  Harbour  Works.  He  also 
chambered  bore-holes,  5  inches  diameter,  in  the  chalk  at  depths 
of  over  400  feet  from  the  surface  by  blasting  under  heads  of  300 
to  350  feet  of  water,  with  the  view  of  increasing  the  water- 
supply.  In  1890  he  removed  the  bases  of  several  cast  iron 
columns  in  the  bed  of  the  Thames  at  Wapping  by  blasting  at 
high  water,  and  in  1891  he  demolished,  by  the  same  means,  one 
of  Brunei's  3-arch  brick  bridi^es  over  the  Great  Western  Kail  way 
in  the  Sonning  Cutting,  near  Eeading,  the  bridge  having  to  be 
removed  for  the  widening  of  the  line. 

Mr.  Nursey  acted  as  technical  correspondent  of  the  "  Times  " 
for  many  years  from  1871,  having  originally  worked  under 
Mr.  Delane  and  the  late  Mr.  Macdonald.  He  was  elected  a 
member  of  the  Iron  and  Steel  Institute  of  Great  Britain  in  1880, 
his  proposer  having  been  the  late  Sir  Henry  Bessemer. 

Wm.  Henry  HolttuiM,  one  of  the  Vice-Presidents  of  the 
Society,  died  on  July  11,  1907,  at  the  age  of  56,  after  a  short 
illness.  He  was  elected  a  member  of  the  Society  of  Engineers 
in  1888,  and  was  a  regular  attendant  at  its  deliberations  up  to  a 
few  weeks  before  his  death.  After  serving  his  apprenticeship 
to  Messrs.  Ordish  and  Le  Feuvre,  of  Westminster,  he  was 
engaged  by  ]\Ir.  W.  Barns  Kinsey  for  over  12  years.  He  had 
extensive  experience  of  tunnelling  and  earth  works  on  the  Great 
Northern  Railway,  and  of  water  supply  on  the  Tilbury  liailway. 
He  was  elected  an  Associate  Member  of  the  Institution  of  Civil 
Engineers  in  1883,  and  in  1893  joined  the  service  of  the  London 
County  Council  as  Surveyor  in  the  Engineers'  Department,  in 
which  capacity  he  designed  works  of  dock  construction,  river 
walls,  and  street  improvements.  He  was  Captain  and,  for 
twenty  years.  Quartermaster,  in  the  1st  Volunteer  Battalion, 
Royal  Fusiliers,  having  served  for  2  years  as  a  private  and  about 
16  years  as  a  non-commissioned  officer  in  various  useful 
capacities  :  in  fact  most  of  his  leisure  hours  were  devoted  to  the 
working  of  the  Corps.  In  1892,  he  contributed  to  the  Society 
a  paper  on  "  The  Use  of  Steel  Needles  in  Driving  a  Tunnel  at 
King's-Cross." 

Mr.  Basil  Pym  Ellis,  whose  death  took  place  on  October  5, 
1907,  was  an  Associate  of  tlie  Institute  of  Civil  Engineers,  and 
became  a  member  of  the  Society  of  Engineers  in  1886.  He  was 
partner  in  the  firm  of  Messrs.  John  Aird  and  Sons,  with  which 
tirm  he  had  been  connected  during  the  past  forty  years.  Among 
other  work  he  was  enf^^aged  in  the  construction  of  the  Mill  wall 
Docks,  various  waterworks,  including  those  of  Southwark  and 
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Vauxhall,  Birmingham  and  Colne  Valley,  and  sundry  railway 
contracts,  the  Greenwich  and  Woolwich  Eailway  among  the 
number.  He  undertook  the  construction  of  the  Aldgate  and 
Bishopsgate  section  of  the  Inner  Circle,  and,  after  becoming 
partner  in  the  firm,  took  an  active  part  in  the  contract  for  the 
construction  of  the  Assouan  dam. 


249 


FIFTY-THIRD   ANNUAL  GENERAL  MEETING. 


HELD   AT 

THE   OFFICES   OF   THE   SOCIETY,    17   VICTORIA    STREET, 

WESTMINSTER. 

Monday,  December  \),  1907. 

JOSEPH  WILLIAM  WILSON,  Vice-President, 
IN  THE  Chair. 


The  Minutes  of  the  Fifty-Second  Annual  General  Meeting,  held 
December  10,  1906,  were  read,  confirmed,  and  signed. 

The  chairman  read  the  report  of  Messrs.  P.  F.  Mackenzie- 
Eichards  and  A.  Wolheim,  the  scrutineers  of  the  l^aHoting  papers 
for  the  election  of  the  council  and  officers  for  the  year  1908, 
appointed  by  him,  and  announced  the  names  of  the  members 
who  had  been  elected  to  office. 

The  secretary  was  instructed  to  convey,  in  writing,  to  the 
scrutineers,  the  thanks  of  the  meeting  for  their  services. 

The  chairman  announced  the  premiums  wljich  had  been 
awarded  by  the  Council  for  meritorious  papeis  read  during  the 
year.     (See  the  Report  of  the  Council,  page  252.) 

A  vote  of  thanks  to  Mr.  J.  W.  Wilson  for  liis  services  iis 
acting-president  [the  president  being  in  China  for  the  yearj,  was 
passed  by  acclamation,  and  was  acknowledged  by  Mr.  Wilson. 

A  vote  of  thanks  to  the  vice-presidents,  council  aiul  f>f!icers 
for  their  services  during  the  year  1907,  and  was  acknowledged 
by  Mr.  L).  A.  Symons. 
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ANNUAL 


REPORT    OF 
1907. 


THE    COUNCIL, 


The  Council  have  the  pleasure  to  report  that  the  Society  continues 
to  maintain  its  satisfactory  position  in  face  of  the  continued  profes- 
sional depression.  Notwithstanding  this  its  finances  are  in  a  satis- 
factory condition,  and  the  membership  roll  shows  a  slight  advance 
on  that  of  the  preceding  year.  The  losses  from  deaths,  resignations 
and  other  causes  amount  to  87,  which  is  the  same  as  last  year,  whilst 
the  number  of  new  members  and  associates  elected  during  1907 
aggregates  89  as  compared  with  40  in  1906. 


The  Membership  Roll. 

The  following  table  shows  the  numbers  on  the  roll  of  the  Society 
at  the  end  of  the  years  1905,  1906  and  1907  : — 


Chiss. 


Honorjiry  Members 
OrdiiiHrv  Meinber8 
Ordinary  Associates 
Foreign  Members 
Foreign  Associates 

Totals 


Dec.  31,  1905. 

Dec 

31,  1906. 

Dec.  31,  1907. 

20 

19 

20 

277 

269 

263 

116 

121 

121 

99 

107 

113 

31 

30 

31 

543 

546 

548 

Deaths. 

Although  the  Council  are  able  to  report  that  the  death  roll  of  the 
Society  during  the  past  year  has  been  no  heavier  than  it  was  in  the 
j)revious  year,  they  regret  to  say  that  it  includes  the  names  of  two  of 
its  oldest  members,  also  two  Hon.  Members,  and  a  Vice-President. 
The  two  Hon.  Members  were  Sir  Benjamin  Baker,  K.O.B.,  F.R.S. 
(elected  in  1869),  who  died  on  May  19,  1907,  and  Lord  Kelvin, 
LL.I).,  F.R.S.  (elected  in  1890),  who  died  in  December  last;  Mr. 
AVilliam  Henry  Holttum  (elected  a  member  in  1868) — was  a  Vice- 
President  at  the  time  of  his  death,  which  took  place  on  July  11, 1907. 

It  was  a  matter  of  universal  regret  that  the  Society  should  lose 
two  such  old  members  as  Mr.  Perry  V.  Nursey,  our  late  Secretary, 
who  was  elected  in   1858,  served  as  President   in  1886,  was  Hon. 
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Secretary  and  Treasurer  from  1895  till  18D8,  and  who  died  on  June 
20,  11)07,  having  acted  as  secretiiry  since  the  year  lS"jy  ;  and  Mr. 
W.  T.  Sugg  (elected  in  1861),  who  died  on  February  28,  1U07. 
Further  details  as  to  the  greiit  services  rendered  to  the  Society  by 
Mr.  P.  F.  Nursey  will  be  found  in  the  report  of  the  ordinary  meeting 
of  October  7,  1907,  when  special  reference  was  made  to  the  subject 
from  the  chair. 

As  secretary,  in  succession  to  Mr.  Nursey,  the  Council  have 
appointed  Mr.  A.  S.  E.  Ackermann,  B.Sc.  (Engineering),  Assoc. 
M.  Inst.  C.E.,  and  from  the  experience  obtained  up  to  the  present 
time,  the  Council  are  conlident  that  their  selection  will  be  fully 
justified.  ^Ir.  Ackermann  has  already  exhibited  a  most  praiseworthy 
enthusiasm  in  the  interests  of  the  Society,  and  our  future  prospects 
under  his  administration  are  extremely  promising. 


Finance. 

The  accompanying  SUitement  of  Accounts  (see  pages  255  and  25(5) 
shows  a  considerable  improvement  on  that  of  the  previous  year,  the 
excess  of  income  over  expenditure  amounting  to  \)XL  Is.  \)(l.,  which 
has  been  ciirried  to  the  accumulated  fund  account.  That  fund 
now  amounts  to  859/.  16s.  Id.,  of  which  about  606/.  is  invested  in 
Railway  Stock. 

The  Council  have  thought  it  wise  to  take  advantiige  of  a  successful 
year  to  write  down  the  value  of  the  investment  in  L.  and  N.  W. 
Railway  Debenture  Stock  from  6-1:7/.  4s.  '2(1.,  the  amount  originally 
piid,  to  6(»G/.,  which  represents  more  nearly  the  present  market  value 
of  the  Stock. 

Papers. 

The  following  is  a  list  of  the  piipers  read  during  the  year  : — 

Feb.    4. — President's  Inaugural  Address,  by  Mr.   Richard  St. 

George  Moore. 
Mar.    4. — The  Connaught  Bridge,  Natal,  l)y  Mr.  Edward  John 

Stead. 
April    8. — The   Renard  and   Sourcouf   Road-Train   System,  1)V 

B.  H.  Thwaite  and  R.  F.  Tliorpu. 
May    6. — Waterworks   Construction    in    Americji,    by    Kruest 

Romney  Matthews. 
June    A. — Working  Experiences  with   Large  (Jas   Fngines.  by 

Cecil  II.  St.  (Jeorge  Moore. 
Oct.     7. — Li(|uid  Fuels  for  Internal  Combustion   PjUgims,  by 

R.  W.  A.  Brewer. 
Nov.   4. — Bridle  Roads  in  the  West  Indies,  by  II.  C  lliiggins. 
Dec.    2. — Subaqueous  Operations,  by  II.  Blake  Thomas. 
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Premiums. 

The  Council  have  awarded  Premmms  to  the  following  authors 
for  the  papers  named  in  the  foregoing  list,  viz. : — 

1.  To  Mr.  R.  W.  A.  Brewer,  the  President's  Gold  Medal. 

2.  To  Mr.  E.  J.  Stead,  the  "  Bessemer  Premium  "  of  Books. 

3.  To  Mr.  0.  H.  St.  George  Moore,  a  "  Society's  Premium  "  of 

Books. 

4.  To  Mr.  H.  Blake  Thomas,  a  "  Society's  Premium  "  of  Books. 

Attendances  at  Meetings. 

The  Council  regret  that  there  has  not  been  any  marked  improve- 
ment in  the  attendances  at  the  Ordinary  Meetings  of  the  Society. 
Considering  the  excellent  character  of  the  papers  provided,  the 
attendances  were  by  no  means  proportional  to  the  practical  value  of 
the  papers  and  discussions.  The  Council  would  therefore  again 
impress  upon  the  members  and  associates  the  desirability  of  attend- 
ing the  meetings  in  their  own  interest,  as  the  title  of  a  paper 
does  not  always  indicate  either  its  practical  value  or  that  of  the 
discussion  by  which  it  is  followed. 

Visits  to  Works. 

During  the  vacation  the  following  works  were  visited,  descrip- 
tions of  which  appear  on  page  151  : — 

June  li),  1007. — The  New  Reservoirs  of  the  MetropoUtan  Water 

Board,  Honor  Oak,  and 
Sept.  25,  1007.— H.M.  Dockyard,  Chatham. 

Upon  each  occasion  the  members  were  most  cordially  received, 
but  the  attendance  was  on  neither  occasion  as  large  as  the  Council 
desired  or  expected.  They  therefore  desire  specially  to  impress  upon 
the  junior  members  and  associates  the  practical  value  of  these  visits  to 
works,  and  to  point  out  the  desirability  of  attending  them  whenever 
they  are  able. 

Annual  General  Meeting. 

The  fifty-third  Annual  General  Meeting  of  the  Society  was  held 
on  December  6,  and  the  report  of  the  proceedings  appears  on 
page  240. 

Annual  Dinner. 

The  fifty-third  Annual  Dinner  of  the  Society  was  held  at  the 
Hotel  Cecil  on  Wednesday,  December  11,  J0()7.  Owing  to  the 
absence  of  the  President,  Mr.  R.  St.  George  Moore,  in  China,  the 
chair  was  taken  by  Mr.  J.  W.  Wilson,  Past-President  and  President- 
Elcct.  Among  the  visitors  were  Sir  William  Matthews,  K.C.M.(i., 
President   of    the   Institution   of  Civil   Engineers ;    Sir   Alexander 
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Binnie,  M.  Inst.  C.E.,  Past-President  of  the  Institution  of  Civil 
Engineers  ;  Sir  Edward  Raban,  K.C.B.,  R.E.  ;  Mr.  W.  Noble 
Twelvetrees,  M.  Inst.  M.E.,  President  of  the  Civil  and  ^[echanical 
Engineers'  Society  ;  and  CapUiin  Riall  Saukey.  The  speeches  were 
interspersed  with  some  excellent  musical  items  supplied  by  Mr.  Murray 
Rumsey  and  his  artistes. 

Business  Directory  and  Employment  Register. 

Particulars  of  this  have  already  l)een  sent  to  members,  and  there 
has  been  a  considerable  response,  but  much  still  remains  to  be  done 
before  a  complete  record  of  the  leading  features  of  the  work  of 
every  member  is  collected.  Such  a  record  will  prove  of  great  value, 
as  it  will  enable  the  secretary,  when  imiuiries  are  made  to  him  for 
the  names  of  engineers  having  any  particular  class  of  experience,  or 
articles  of  manufacture  for  sale,  to  give  inipiirers  the  names  of  mem- 
bers who  may  be  able  to  satisfy  their  requirements.  For  the  guidance 
of  those  who  have  not  yet  sent  in  the  iiiformation  desired,  it  may  be 
mentioned  that  these  particulars  should  be  entered  neatly  on  a  o-inch 
by  8-%inch  card-index  card,  the  member's  surname  being  printed  in 
block  type  at  the  top  left  hand  corner,  followed  by  the  Christian 
names  age,  date,  telephone  number,  telegraphic  address,  and  postal 
address.  The  leading  feature  of  his  work,  or  in  the  case  of  a  manu- 
facturer, particulars  of  the  articles  manufactured  by  him,  should  tlieu 
be  stated. 

Exchange  Transactions. 

The  Society  continues  the  exchange  of  Transactions  with  the 
following  Institutions,  the  volumes  being  available  foi-  reference  by 
meml)ers  and  associates  at  the  Society's  offices. 

The  Institution  of  Civil  Engin«  ers.  The  Cleveland  Institution  of  Kngineers. 

The    Institution    of    Me<'litiiiical     En-  The   North    East  Coast   Institution   of 

gineers.  Enjrineers  and  Siiipbuilder.s. 

The    Institution   of    Ehctrical    Engi-  The    North    of    England    Institute   of 

neers.  Mining  and  Mechanical  Kngineers. 

The  Institute  of  Naval  Architects.  Tlu'  South  Wales  Institute  of  Mining 

Tli»'  Iron  and  Steel  Institute.  Engineers. 

The  Surveyors'  In.stitution.  i   The  Institution  of  Engineers  and  Ship- 

The    Association    of    Municipal    and  j       Imild'.rs  in  Scotland. 

County  Kngineers.  The  Institution  of  Civil   Kngineers  of 

The  Civil  and  Mechanical  Engineers'  '        Ireland. 

Society.  i   The   Krench  Institution  of  Civil    Kn- 

The  Junior  Institution  «)f  Engineers.  giniers. 

The  In.>,titution  of  Mining  and  Metal-  The  Canadian  Civil  Kngine»-r.s' Society. 

lur^y.  The  Victorian  Inst'tuto  of  Kngineers. 

The  Koyal  Engineers'  Institute.  i   The  Engineering  Association  of    N.v» 

Tlie  Incorporated  In.stitution   of  Gas  |       South  Wales. 

Kngineers.  i   The    American    Society  of  Civil    Kn- 

Tlie  Koyal  Institute  of  British  Arciii-  '       gineers. 

tects.  '   The  Municipal  Kngineers  of  New  York. 

The    Chartered    Institute    of    Patent  The    Association   of    Kn^'ineering   So- 

Agents.  eieties. 

Tlie  Royal  Sf)cioty  of  Arte.  1   The  Smithsonian  Institution. 

The  Liverpool  Engineering  Society.  Tiie  Franklin  institute. 
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Journals  and  Magazines. 

The  library  contains  many  books  on  engineering  subjects,  and, 
in  addition,  the  following  journals  and  magazines  are  supplied 
gratuitously  by  their  respective  proprietors,  all  being  available  for 
reference  by  the  members. 


American  Machinery. 

American  Machinist. 

Arms  and  Explosives. 

Auto  motor  Journal. 

British  Architect. 

Builder. 

Building  News, 

Cassier's  Magazine. 

Commercial  Motor. 

Concrete. 

Contract  Journal. 

Electrical  Review. 

Electrician. 

Engineer. 

Engineering. 

Engineering  Magazine. 

Engineering  Times. 

Indian  Engineering. 

Indian  and  Eastern  Engineer. 

Journal  of  Gas  Lighting. 


Local  Government  Journal. 

Local  Government  Officer. 

Machinery. 

Machinery  Market. 

Marine  Engineer. 

Mechanical  Engineer. 

Mechanical  World. 

Motor  Traction. 

Page's  Weekly. 

Sanitary  Record. 

Shipping  World. 

Society  of  Arts  Journal. 

South  African  Engineering. 

Steamship. 

Surveyor. 

The  Metal  Industry. 

The  Quarry. 

The  Tramway  and  Railway  World. 

Water. 


The  secretary  hopes,  during  the  year  1908,  to  be  able  to  prepare 
a  card-index  catalogue  of  the  books  in  the  library.  This  catalogue 
will  be  alphabetically  arranged  under  "  Authors  "  and  under  "  Sub- 
jects," and  should  considerably  enhance  the  value  of  the  library  to 
those  members  who  are  in  a  position  to  avail  themselves  of  it. 

The  Council,  in  conclusion,  would  impress  upon  the  members  the 
desirability  of  using  their  best  endeavours  to  promote  the  interests  of 
the  Society.  This  may  be  done  by  contributing  papers  embodying 
the  latest  phases  of  engineering  practice  ;  by  attending  the  ordi- 
nary meetings,  and  taking  part  in  the  discussions  ;  by  joining  in 
the  vacation  visits  ;  and  by  introducing  duly  qualified  gentlemen  as 
members  or  associates. 


January,  1908. 
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AUTHORS. 


Author. 


Allan,  G.  W. 
Allanson-Winn, 


R.  G 


Allen,  A.  T. 

Amos,  E.  C 

Amos,  James 


Anderson,  Chris. 

Andre,  G.  G. 

»>  »  •• 

Andrews,  J.  J.  F. 
Andrews,  T. 


Ansell,  W.  . . 
Atkinson,  J. 


Transactions. 


Abel,  CD.  ,. 

ACKERMANN,  A.  S.  E. 


Adams,  H.  .. 
Adams,  J.  H. 
Adams,  T.     .. 

Adams,  W.  .. 
Alford,  C.  J. 


Alford,  R.  F. 


Subject  of  Paper. 


Year.     Page. 


AULT,  E. 


The  Patent  Laws 

Britisli  and  American  Coal-Cutting 
Machines. 

President's  Address      

President's  Address      

The  Friction  of  the  Slide-valve,  and 
its  Appenda2;es. 

President's  Address      

The  Mineralogy  of  the  Island  of  Sar- 
dinia. 

Appendix  to  Above :  Laws  relating  to 
Mining. 

Engineering  Notes  on  Cyprus     .. 

Tlie  Fell  Engines  on  the  Rimutakai 
Incline,  New  Zealand. 

Marine  Insurance 

Foreshore  Protection,  with  special 
reference  to  the  Case  System  of 
Groyning 

Deep  Sea  Erosion  and  Foreshore  Pro- 
tection. 

Submerged  Chain  Cable  Groynes 

Concrete  Subways  for  Underground 
Pipes. 

Machine  Tools       

The  Machinery  employed  in  laying 
the  Atlantic  Cable. 

Tlie  New  Hydraulic  Machinery  for 
lifting  Vessels  in  the  Thames 
Graving  Dock. 

The  Feasibility  and  Construction  of 
Deep-sea  Lighthouses. 

The  Ventilation  of  Coal  Klines  .. 

The  Application  of  Electricity  to  the 
Ignition  of  Blasting  Char<i:e8. 

Ship  Caissons  for  Dock  Basins  and 
Dry  Docks. 

The  Strength  of  Wrought-iron  Rail- 
way Axles. 

The  Eflfect  of  Strain  on  Railway  Axles, 
and  the  Minimum  Flexion  Resist- 
ance-Point in  Axle^. 

Effect  of  Segregation  on  the  Strength 
of  Steel  Rails. 

The  Electric  Telegraph        

Apparatus  for  Utilising  the  Waste 
Heat  of  Exhaust  Steam. 

The  Shone  Hydro-Pneumatic  Sewerage 
System. 


1865 
1904 

1890 
1875 
1866 

1870 
1879 


1880 

1882 


1858 
1899 


1904 

1006 
1901 

1899 
1858 


1874 
1878 

1890 

I  1879 
I  1895 


25 
71 

1 
1 
6 

i 

93 


1879  106 


1857 
1878 

1887 
8  2 


131 
121 

14 
133 


141 

13 

99 

51 
13 


1859  '  17 


1883   45 


I  28 
123 

189 

148 

181 


1902  209 


11 
167 
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Author. 


Subject  of  Paper. 


Baillie,  J.  R. 
Baker,  T.  W. 

Baldwin,  T. 


Bamber,  H.  E. 
Bancroft,  R.  M. 

Barber,  J.  P. 


Barker,  0.  M.  ..   . 
Barker,  E.  D.  . . 
Barker,  Capt.  W.  B. 
Barnett,  S.    ..   . 
Bartholomew,  E.  G. 

»»       » 
Beaumont,  W.  W. 


Beaumont,  W.  W.,  andl 

Sellon,  S / 

Behr,  F.  B 

Bellamy,  H.  E.  ..      . 
Bbllasis,  E.  S.    .. 
Bern  AYS,  J 


BiOGB.  C.  H.  W.  .. 


Biggs,  C.  H.  W.,  and 
Beaumont,  W.  W. 
BiNYON,  A.  H.      .. 
Bjorling,  p.  B.  . . 
Blackbourn,  J.   .. 


Bolton,  R.  .. 
Bower,  G.  . . 
Bowebjb,  Geobgs 


President's  Address      

The  Utilisation  of  Town  Refuse  for 
generating  Steam. 

Single  and  Double  Riveted  Joints     .. 

Experimental  Researches  into  the 
Nature  and  Action  of  Safety  Valves 
for  Steam  Boilers,  &c. 

"Water,  and  its  Effects  on  Steam  Boilers 

Renewal  of  Roof  over  Departure  Plat- 
form at  King's  Cross  Term.,  G.N.R. 

President's  Address      

Notes  on  the  Proposed  By-laws  of  the 
London  County  Council  with  respect 
to  House  Drainage. 

The  Prevention  of  Leakage  in  Gas 
and  Water  Mains. 

Hydraulic  Continuous  and  Automatic 
Brakes. 

International  System  of  Marine  Course 
Signalling. 

The  Value  of  Exhibitions  as  Aids  to 
Engineering  Progress. 

Electric  Telegraphy,  irrespective  of 
Telegraphic  Apparatus. 

Electric  Telegraph  Instruments 

Electrical  Batteries       

President's  Address 

Modern  Steel  as  a  Structural  Material 

High  Pressure  Steam  and  Steam- 
engine  EflSoiency. 

Road  TraflBc  in  and  near  Large  Cities. 
(Topical  Discussion.) 

Notes  on  Parliamentary  Procedure  as  af- 
fecting Light  Railways  &  Tramways. 

The  Lartigue  Single-rail  Railway      . . 

Australian  Timber  Bridges 

The  Roorkee  Hydraulic  Experiments 

President's  Address      

The  New  Pits  and  Hauling  Machinery 
for  the  San  Domingos  Mines  in 
Portugal. 

Depreciation  of  Plant  and  Works 
under  Municipal  and  Company 
Management. 

Notes  on  Electric  Light  Engineering 

Notes  on  Electric  Traction 

Direct-acting  Pumping  Engines 
The  Action   of  Marine  Worms,  and 

Remedies  applied  in  the  Harbour  of 

San  Francisco. 
The    Application    of    Electricity    to 

Hoisting  Machinery. 
The  Preservation  and  Ornamentation 

of  Iron  and  Steel  Surfaces. 
The  Permanent  Way  of  Railways 


Transactions. 

Year,  j 

Page. 

1889 
1894 

1 
183 

1866 
1867 

150 
23 

1867 
1887 

65 
125 

1903 
1897 

1 
17 

1869 

79 

1879 

75 

1884 

47 

188.S 

75 

1869 

55 

1872 
1872 
1898 
1880 
1888 

53 

77 

1 

109- 

221 

1903 

2a 

1895 

33 

1886 
1902 
1886 
1880 
1879 

16a 

63 

41 

1 

29 

1902 


1882 

1900 

1877 
1874 


1892 
1883 
1857 
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Subject  of  Paper. 


Transactions. 


Year.     Page. 


BoTD,  R.  N. 


Bradley,  B.  L.   . 

Bbe"wer,  R.  W.  a 

Brigg.  T.  H. 
Brothers,  "NV.  H. 

Browning,  C.  E. 

>»  '» 

Bryant,  F.  W.    . 

buckham,  t. 

Burrows,  E. 
Butler,  D,  B. 


Carey,  R.     .. 
Cargill,  T... 


Carpenter,  C.  C. 
Carrington,  W.  T. 


Carter,  J.  H.     .. 

Case,  G.  O 

Cheesewright,  F.  H. 
Chtrch,  Jabez    .. 


Church,  Jabez,  jun. 
COLAM,  W.N.       '.'. 

COLBURN,  ZeRAH.. 

conradi,  h. 

Copland,  H.  S.   . . 
Cowper-Coles,  S.  O. 


Collieries  and  Colliery  Engineering  ..  1893  169 

A  Deep  Boring  near  Freistadt,  Austria,  1894  119 

by  tlie  Canadian  System. 

The  GriiuUeford  Stone  Quarries  and  1905  201 

their  Workinj;. 

Liquid  Fuels  for  Internal  Combustion  1907  158 

Engines. 

The  Mechanics  of  Horse  Haulage      ..  1896  21 

Weighing  Machinery  and  Automatic  1890  55 

Apparatus  in  connection  therewith. 

The  Strength  of  Suspension  Bridges. .  1858  11 

The  Extension  and  Permanent  Set  of  1858  15 

Wrought  Iron.  i 

Piling  and  Coflfer  Dams      1859  I     38 

President's  Address      1869  1 

The   Drainage  and  Water   Supply  to  1869  41 

the  Town  of  Fareham. 

Blake's  Bridge,  Reading 1893  71 

President's  Address      1904  1 

Portland   Cement,  some  Points  in  its  1895  61 

Testing,  Uses  and  Abuses       ....  ' 

Tlie  Effect  of  Admixtures  of  Kentish  1896  179 

Ragstone,vtc.,upon  Portland  Cement. 

Certain  Vexatious  and  Fallacious  Ce-  1903  ,     89 

nient  Tests  now  in  Vogue. 

Hydraulic  Lifts 1893  101 

Presiilent's  Address      1877  1 

Railway     Bridge    at     the     Place    de  1866  191 

I'Europe,  Pari;". 

Floating  Breakwaters 1871  146 

Modern  Coal  Gas  Manufacture  ..      ..  1891  61 

Generation  and  Expansion  of  Steam. .  1858  15 

Puinping  Engines         1859  19 

President's  Address      1865  1 

Roller-Milling  Machinery 1883  125 

Submarine  Groyning    .        1906  107 

Breakwater  Construction      189<»  83 

President's  Address      1872  1 

President's  Address      1873  1 

President's  Address      1882  1 

President's  Address      1883  1 

Cable  Tramways 1885  69 

President's  Address      1891  1 

President's  Address      1^66  1 

The  Relation  between  the  Safe  Load  1863  35 

and  Ultimate  Strength  of  Iron. 

Certain  Methods  of  Treating  Cast  Iron  1865  77 

in  the  Foundry. 

Stone-sawine:  Macliinery      1876  135 

Cleaning  of  Tramway,  and  other  Rails.  1893  47 

Modern  Roadway  Construction  ..      ..  1878  61 

Protective  Metallic  Coatings  for  Iron  1898  139 

and  Steel.  | 
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Ceimp,  W.  S. 
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Cunningham,  J.  H. 
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Davenport,  J.  G. 


Davet,  H. 


Day,  St.  J.  Y 
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DiGBT,  W.  P. 
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Drury,  a.  G. 


Tlje  Electrolytic  Treatment  of  Com- 
plex Sulphide  Ores. 

The  Metallic  Preservation  and  Orna- 
ment9,tion  of  Iron  and  Steel  Surfaces 

Recent  Storage  Battery  Improvements 

Eecent  Improvements  in  Tin-dressing, 
Machinery. 

Dry  Crushing  Machinery  ;..      ..      .. 

President's  Address      ..      ; 

Tramway  Rolling-stock  and  Steam  in 
connection  therewith.  /.: 

The  Wimbledon  Main  Drainage  and 
Sewage  Disposal  Works 

Sewer  Ventilation         . . 

Filter  Presses  for  Sewage  Sludge 

The  Economics  of  Railway  Mainten- 
ance. V  . 

The  Surveys  of  Proposed  Lines  for  a 
Ship  Canal  between  the  Atlantic  ^pd 
Pacific  Oceans. 

The  Panama  Railroad 

Isthmus  of  Darieu  and  the  Ship  Canal 

Pin-connected  v.  Riveted  Bridges 


Engineering  in  India 

Wooden  Jetties  on  the  River  Thames 
and  their  Improvement  of  the  Xn- 
shore  Navigation. 

Pumping  Engines  for  Town  Water- 
supply. 

Milford  Haven  and  its  New  Pier  Work 

Recent  Improvements  in  Pumping  En- 
gijies  for  Mines. 

The  Underground  Pumping  Machinery 
at  the  Erin  Colliery,  Westphalia. 

Recent  Arrungements  of  Continuous 
Brakes. 

Power  Distribution  by  Eleptricity, 
Water  and  Gas. 
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Rolling  Stock. 
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Edwards,  E. 
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Mining  Machinery        ..      ..      .. 

Utilisation  of  Waste  Mineral  Sub- 
stances. 
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Defects  of  Steam  Boilers  and  their 
Remedy. 
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